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See the wonders of the universe at the UK’s first dark sky park. 


Home to some of the darkest skies in Europe, the Galloway Forest Dark Sky Park 
is the perfect winter destination for an exceptional view of our celestial neighbours. 


With astronomer friendly accommodation, an amazing research level 
eon access to friendly Dark Sky Rangers the skies and opportunities are endless. 
se To get your time with your very own Dark Sky Ranger 


90 to: www.gsablosphere.org.uk and click on the explore the biosphere tab. 


me on big skies, beautiful settings, quiet roads, miles and miles of walking and 
, an Halls and fantastic access to wildlife; the Galloway Forest Dark Sky Park 
( delights both night and day. 
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With Stargazing 
Live back on our 
screens, now is 
an ideal time to 
look out for those 
night-sky targets 
you just shouldn't miss and get advice 
on where to go next with your hobby 
in astronomy. 

This issue, the hosts of Stargazing 
Live Brian Cox and Dara O'Briain 
ecommend everything you need to 
know from observing the best night- 
sky sights to contributing to science by 
finding an exoplanet. I can guarantee 
you'll be keen for clear skies to try 
heir tips and tricks out. 

f youre finding that the Sun isn't 
setting fast enough to begin observing, 
hen why not peer into the side of the 
universe that's even darker than dark 


Welcome to issue 63! 


components that are suspected to 
have a hand in not just the birth and 
current behaviour of the cosmos, but 
also its fate too. Turn to page 16 to find 
out where the scientists are in their 
compelling research. 

The recent discovery of seven 
Earth-sized planets (three of which 
could harbour vast bodies of water) in 
the TRAPPIST-1 system, which rests 
some 40 light years away, had us 
thinking about the worlds within our 
Solar System that might have oceans. 
Of course, Saturn's moon Enceladus 
and Jupiter's Europa are famous for 
their subsurface oceans, but did you 
know that the moons Callisto and 
Triton are also candidates? Enjoy the 
issue and see you again on 27 April! 


Contributors 


Paul Cockburn 

Just as mysterious as dark 
energy, phantom energy, dark 
radiation and dark gravity are 
another side to the universe 
that space scientists are keen to 
understand. Paul has the details on page 16. 


Robin Hague 
“ Boeing have released the 
& design of their latest spacesuit 
for crewed spaceflight. It has 


‘ 
ys the stylish design, but does it 
have the function of the best 


it 
spacesuit yet? This issue, Robin finds out. 


Ben Evans 


Space junk has been an issue 
for decades, posing a risk to 
astronauts and even us here 
on Earth. Ben uncovers the 
new missions slated for launch 
with the aim to clean up Earth orbit. 


Luis Villazon 
Luis presents the worlds in 


@ Boeing 


Boeing's new Starliner spacesuit 
features a hood-like fabric helmet, 
and will be used in future missions 


“We needed a 
suit that was 
airtight, could 
withstand the 
pressure, and 
could get the 
crew down in 
an extremis 
situation” 


Chris Ferguson, director 


energy and dark matter? This month, Ce CF tee E iret pe iaaeas aie of Crew and Mission 
we chat to the scientists on a quest TritonandCalictote Minasand Operations, Boeing 
to find evidence for phantom energy, Gemma Lavender Ganymede, check out our solar [Page 26] 
dark gravity and dark radiation; three Editor neighbourhood for some surprising places! 
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Sounding rocket 
to study aurorae 


Soaring skyward into an aurora over Alaska, a 
NASA Black Brant IX rocket leaves the Poker Flat 
Research Range, carrying with it instruments - 
namely the lonospheric Structuring: In Situ and 
Ground-based Low Altitude StudieS (ISINGLASS) 
- to examine the structure of the light show we 
fondly dub the Northern Lights. ISINGLASS involves 
the launch of two rockets, each carrying identical 
payloads that have flown into two different type 
of aurora. The launches will study the interaction 
between the Sun and its solar wind with Earth's 
upper atmosphere. “The visible light produced 
in the atmosphere as aurora is the last step of a 
chain of processes connecting the solar wind to the 
atmosphere,” explains Kristina Lynch, ISINGLASS 
principal investigator from Dartmouth College, New 
Hampshire. “We are seeking to understand what 
structures in these visible signatures can tell us 
about the electrodynamics of processes higher up.” 
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Falcon 9 and the : 
Dragon spacecraft 
prepare for launch 


At Launch Complex 39A at NASA's Kennedy Space Center, 
Florida, SpaceX’s Falcon 9 rocket and Dragon spacecraft 
prepare for the company’s tenth Commercial Resupply 
Services cargo mission to the International Space Station. 
The mission also set a milestone as the first launch from 
the complex since the Space Shuttle fleet retired in 2011 
and marks a turning point for Kennedy's transition to 

a multi-user spaceport. Launching in late February, the 
Dragon craft carried science research to the ISS, including 
a lightning imagining sensor, a real-time navigation system 
and an instrument to measure the atmospheric 

ozone, aerosols and trace gases. The inset 

image shows ESA astronaut Thomas Pesquet 

and NASA astronaut Shane Kimbrough 

welcoming Dragon, which can be seen j 


, through the Copula’s upper window. | 4 
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Imprint of the 
universe's birth 


The result of the Big Bang, the event that caused 
the birth of the cosmos, was so dramatic that it 
left an indelible imprint on space and time. We can 
detect these ‘scars’ by observing the oldest light in 
the universe, created some 14 billion years ago and 
which now exists as weak radiation known as the 


Cosmic Microwave Background (CMB). This relic 
radiation, which has expanded to permeate the 
entire cosmos, can be used to probe the universe. 

On its journey to us, the CMB travels through 
galaxy clusters that are packed with high-energy 
electrons. These subatomic particles give the 
photons a small boost of energy, which can be 
detected by our telescopes and tell us more about 
the fundamental properties of the universe. The 
Hubble Space Telescope observed one of the 
most massive known galaxy clusters - known as 
RX J1347.5-1145 - as part of the Cluster Lensing 
And Supernova survey with Hubble (CLASH). This 
cluster, which is located about 5 billion light years 
away, helped astronomers using the Atacama Large 
Millimeter/submillimeter Array (ALMA) in Chile to 
study the CMB. 
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_ Spiral galaxy with 
_ an explosive past 


Here is NGC 4981, a spiral galaxy with an explosive 
past that lies in the constellation of Virgo over 75 
million light years away from Earth. This galaxy was 
<> documented over a century after its discovery due 
to the observations of a Type la supernova - a stellar 
explosion in a binary star system - that occurred 
within its confines. This stellar explosion, known as 
SN 1968, isn't the galaxy’s only supernova though, 
as some decades later, the collapse of a massive star 
led to another supernova, known as SN 2007c. In 
this photograph captured by the FORS instrument 
on the European Southern Observatory's Very Large 
’ Telescope (VLT), no supernova explosions can be 

. seen. Instead, a bright foreground star steals the show, 
making this shot of NGC 4981 one of the VLT's most 
iconic photographs to date. 
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ite Lake 


™™, of draught, causing many of the state's reservoirs to be filled. Rising 
waters are evident in this radar image captured by the Copernicus 
Sentinel-1 satellite mission over a portion of the San Joaquin Valley. The 
three bodies of water pictured here are Lake Kawhea in the upper right, 
Bravo Lake to its left and Lake Success in the lower right. Combining 
two scans from Sentinel-1's radar created the image; the scans were 
taken on 15 December and 26 January and each was assigned a specific 
colour. Together, the colours reveal changes in the landscape; for 
example, the red colouring reveals the water level increase. 


The Moon 
illuminates . 
signatures of the 
ancient past 


The European Southern Observatory’s 3.6-metre (11.8- 
feet) telescope can be seen in the distance at the La 
Silla Observatory in Chile, while the night sky overhead * 
is illuminated by a dominant Moon. However, our lunar 
companion isn't the focal point of this shot - it's the 
red rock in the foreground. Look carefully and you'll be 
able to see prehistoric engravings - signatures from the 
region's past created by ancient people - which depict 
scenes of humans and animals along. with mysterious 
geometrical figures. According to geologists, the first 
millennium of our era experienced much more rainfall 
than it does today, enabling parts of the Atacama” 
Desert to support various civilised cultures. ; 
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SpaceX to fly private citizens 
to the Moon next year 


Elon Musk’s ambitious private space “These individuals 
company believes it could be ready to will travel into 
send non-astronauts skyward in 2018 space Carrying 


Two people have signed up with SpaceX in a bid the hope S and 


to take a trip around the Moon as soon as next 
year, the company’s multi-billionaire founder Elon dre am S of all 
¢ " 
humankind 


Musk has announced. While he hasn't revealed 
who the two lucky travellers are, he has indicated 
they are very wealthy and said they are “nobody 
from Hollywood" - titbits of information that have 
sparked a major guessing game over their identities. 

The high-spending pair will circumnavigate the 
Moon on board the Dragon 2 spacecraft. It will be 
launched by the private space company’s Falcon 
Heavy rocket, which is due to be tested later this 
summer. Although NASA astronauts will be the 
first to fly in SpaceX’s craft when they journey to 
the International Space Station early in 2018, the 
private citizens’ trip-of-a-lifetime will follow shortly 
afterwards, launching from Pad 39A at the Kennedy 
Space Center, Florida. 

All in all, the journey is set to last about a week, 
taking the duo between 483,000 and 644,000 
kilometres (300,000 and 400,000 miles) into space. 


It would, Musk says, be groundbreaking since it . Les lh 
would mean taking humans farther from Earth than fly two private 
at any point in history (those on Apollo 13 hold the citizens ona trip 
current record of 400,725 kilometres, or 249,000 around the Moon 
miles). It will also be the first time anyone has gone late next year 


to the Moon since the. astronauts on board Apollo 

17 in 1972. “Like the Apollo astronauts before them, 
these individuals will travel into space carrying the 
hopes and dreams of all humankind, driven by the 
universal human spirit of exploration,” SpaceX said 

in a statement published on its website. It added 

that the two travellers would be put through health _. 
and fitness tests and would start training later this. “ 
year. SpaceX have also said the Falcon Heavy rocket 
will be the most powerful vehicle to reach orbit 
after the Saturn V Moon rocket - it is the staggering 
equivalent of 18 747 aeroplanes. 

“At 5 million pounds [2,268 tons] of lift-off thrust, 
Falcon Heavy is two-thirds the thrust of Saturn V 
and more than double the thrust of the next largest 
launch vehicle currently flying,” the statement 
continued. Even so, there is a strong element of risk. 
SpaceX has never flown any missions with humans 
and a license is still required from the Federal 
Aviation Administration. Musk also promised in 2011 
that crewed missions would be flying by 2014. It did 
not happen. 

Still, SpaceX says flying privately crewed missions 


is something NASA has encouraged, stating, “long- ‘ - ae | 

ternrcosts to the government decline and more \ — Se ee 
flight reliability is gained.” It says such a thing «4 ¢ 
benefits both government and private missions. <i - ts 
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Orbiter avoids crash 
into Martian moon 


By carrying out a rocket motor burn, 


' a’ + Fa 
es he velocity of the Mars Atmosphere 
, 1 and VolatileEvolutioN (MAVEN) 
—_ . spacecraft was boosted by 0.4 


metres (1.3 feet) per second, ensuring 
hat it wouldn't collide with the 
Martian moon, Phobos. The MAVEN 
spacecraft avoided the crater-filled 
body by 2.5 minutes. MAVEN has 
been orbiting the Red Planet for 
about two years. 


Help NASA find 
Planet Nine 


The Solar System may have many 
elusive planets and dim failed stars, 
however finding them is tough, 
which is why NASA is turning to the 
public for assistance. A new website, 
backyardworlds.org, lets you watch 
numerous short “films” made up 


Volcanoes could enable frigid 
worlds to flourish with life 


It is possible that planets far away from stars can 
still have the right conditions to become habitable 


could extend the reach of the habitable 


Volcanoes may be able to boost the hydrogen present in its atmosphere. 


such a degree tha 
ake hold. At least, 
being put forward 


emperature of icy alien worlds to 


life may be able to 
, that’s the theory 
by a study that 


says hydrogen-spewing volcanoes 
can warm up extremely cold planets 
ocated far from their stars - making 
he scientists behind it rethink the 


However, since hydrogen is a light 
gas, it can escape into the sky over a 


end up with no hydrogen, putting it 
water to freeze. But when a volcano 


erupts, it can resupply hydrogen into 
the atmosphere. 


prolonged period of time. A planet can 


outside the habitable zone by allowing 


zone by up to 60 per cent. 


Making this even 
the fact that scientis 


more exciting is 
s have related 


their theory to the seven Earth-sized 
worlds that were found, in February, to 


be orbiting the star 


[TRAPPIST-1, some 


39 light years away. Three of those 


are in a habitable zo 


ne but a fourth - 


of captured images, in the hope of 
spotting movement that indicates a 
potential planet. Here, you can help 
scan the realm beyond Neptune for 
brown dwarfs and Planet Nine. 


‘Star Wars’ planetary 
system found 


potential habitability of frigid bodies. “So long as volcanism is intense TRAPPIST-1h, which is farthest from 
A report by academics from Cornell enough, it can outpace the rate at the star - is just outside what they 
University, New York, published in the which hydrogen escapes into space,” say is the volcanic hydrogen habitable 
Astrophysical Journal Letters, points out says lead scientist Ramses Ramirez, a zone. The scientists say if there was 
hat the chance of a planet supporting Cornell research associate. The study more volcanic activity on the planet 
iquid water increases when there is suggests that hydrogen from volcanoes then it would be habitable. 


Researchers have found evidence 

of planetary debris surrounding a 
win sun, known as SDSS 1557 and 
ocated some 1,000 light years away 
from Earth, pointing to the possible 
ikelihood of terrestrial planets 
within binary star systems. If this is 
proven to be correct, it would mimic 
Luke Skywalker's home planet 
of Tatooine in the iconic movie 
franchise Star Wars. The twin sun 
SDSS 1557 has a white dwarf star 
and a brown dwarf star. 


Highest-ever 
resolution map 
of dark matter 
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is created i New clues into _ 
A 3D image using data i A antimatter behaviour 


Physicists at the Large Hadron 
Collider in Switzerland have found 
clues as to why there is apparent 
asymmetry between matter and 
The map shows antimatter - which is crucial since 
reconstructed dark matter it prevents the universe from 
clump distributions in a annihilating itself. A lambda-b 
distant galaxy cluster baryon particle was seen to decay 
differently depending on it being 
light, interacting weakly with ordinary matter or antimatter, showing 
matter and electromagnetic radiation. dissimilar behaviours. 
This is different from hot dark matter, 
which moves more quickly. 

“We now have a precise cosmic 
inventory for the amount of dark 
matter and how it is distributed in 
the universe,” says Yale astrophysicist 
Priyamvada Natarajan. “But the 
particle itself remains elusive." 


from the Hubble Space 
Telescope is one of the 
most detailed maps of 
the elusive material 


Yale University astrophysicists have 
produced one of the most detailed 
maps of dark matter ever created. It 
has been compiled using Frontier 
Fields data from the Hubble Space 
Telescope, which has been observing 
a trio of galaxy clusters using a 
technique called gravitational lensing, 
allowing it to peer into more distant 
and older parts of the universe. 

They say it has let them map the 
granularity of dark matter within 
the clusters “in exquisite detail.” The 


scientists also claim it has served up 
a compelling case for the existence 
of cold dark matter since it closely 
matches computer simulations of dark 
matter, which have been predicted by 
the cold dark matter model. 
Cold dark matter was theorised in 
1984 by three groups of cosmologists 
and it refers to particles that move 
slowly in comparison to the speed of 
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A2744 YD4 contained 


an amount of dust 


equivalent to 6 million ~~ 
times the mass of our sun | 


This image of P/2016 J1 shows a diffuse 
blot corresponding to the dust tail 


Asteroid pair 
spotted with 
‘comet-like’ tails 
The peculiar discovery 


in the asteroid belt has 
excited astronomers 


An asteroid pair have grown tails, 
which are more commonly found on 
comets - a discovery that has been 
greatly exciting astronomers. Although 
pairings have been known to happen 
dust structures are much more peculiar. 
“Both fragments are activated, for 
example, they display dust structures 
similar to comets,” says Fernando 
Moreno, of the Institute of Astrophysics 
of Andalusia (IAA-CSIC), Spain. “This is 
the first time we observed an asteroid 
pair with simultaneous activity.” It 
makes P/2016 J1 more important than 
originally thought. The scientists saw 
that the asteroid fragmented six years 
ago, which makes it the youngest 
known pair in the Solar System to date. 
Tn all likelihood, the dust emission 
is due to the sublimation of ice that was 
left exposed after the fragmentation,” 
adds Moreno. Asteroids do not tend to 
form tails as they are made of metals 


and rocky materials and remain solid, 
while comets are made of rocky 
materials, dust and ice, which melt and 
vaporise, generating the tail. 
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Astronomers have shed fresh light ” 
on the first stars by detecting anciertt 
stardust in a galaxy just 600 million 
years old. The fascinating discovery 
of an abundance of interstellar dust at 
a time when the A2744 YD4 Galaxy 
was four per cent of its age was made 
using the Atacama Large Millimeter/ 
submillimeter Array. It’s the youngest 
and most remote galaxy ever seen by 
ALMA and the dust is said to have 
been formed by the deaths of an 
earlier generation of stars. 


While there is much cosmic dust 
around today because there have 
been many supernova explosions over 
many millions of years, back then 
the universe was in its early stages, 
meaning the dust would have been 
scarce. “The detection of so much 
dust indicates early supernovae must 
have already polluted this galaxy [at 
an early stage,” says Nicolas Laporte 
of University College London, UK, 
who led an international team of 
astronomers. It also provides a new 


An artist's impression of 
what the young galaxy 
may have looked like when 
the universe'was four per 
cent its current age 


insight into the birth and death of the 
universe's first stars. 

The observations were made 
possible because of gravitational 
lensing, which allowed a massive 
galaxy cluster in front of A2744_YD4 
Galaxy to act like a giant telescope. 
This acted to magnify the dusty 
galaxy by 1.8 times. In a statement, 
the team also said that the stars were 
forming at a rate of 20 solar masses 
per year compared to just one in the 
Milky Way. 


First ever data on a black hole’s wind temperatures 


Observations of outflows from these objects shows temperatures increase and fall sharply 


Scientists using one of NASA's 
telescopes have measured the 
temperature swings of a black 
hole for the very first time. In a 
groundbreaking study, they have 
been checking the rapidly varying 
temperatures of hot gas emanating 
from around a black hole and they 
have discovered that the powerful 
winds are able to heat up and cool 


down within hours, leading to ultrafast 


and extreme changes in temperature. 

The hot streams of gas result from 
a black hole's feeding process. Material 
in what is called the accretion disc - a 
“halo” of gas, dust and other material 
- warms up due to the black hole's 
gravitational pull but because young 
black holes are not able to feed so 
quickly, these accretion discs emit 
winds travelling at a quarter of the 
speed of light. 

In order to measure the 
temperature, the researchers 
monitored the X-rays emitted from 
the edge of a supermassive black hole 
using NASA's Nuclear Spectroscopic 
Telescope Array (NUSTAR) telescope. 
These X-rays pass through the winds 


as they travel towards Earth and they 
are absorbed by elements such as iron 
and magnesium. 

Since the absorption features were 
disappearing and then reappearing, 
the scientists said it showed the X-rays 
were heating up the winds to high 
temperatures until the gases could 
absorb no more, allowing them to cool. 
“This is the first time we have seen 


holes is said to be responding to X-ray 


The outflow of supermassive black 


emissions from the accretion disc 


that winds are interacting with the 
black hole's radiation,” says Michael 
Parker at the University of Cambridge 
Institute of Astronomy, UK. “Further 
study of this source is likely to have 
wide-ranging implications for our 
knowledge of how these winds form 
and are powered, where they are 
located, how dense they are, and how 
long they last.” 
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URGE erstanding the“un 
changes in some highly- cherished theories hat govern space-time 


Written by Paul Cockburn 


detectable 


We live in an age of precision cosmology. As 7 
we continue to observe and study the universe ‘ 
around us, using ever more precise instruments 

and increasingly sophisticated data processing 
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systems, the findings have invariably proved to be 
unexpected - if not frankly bizarre. Perhaps the most 
famous of these findings was the gradual realisation 
that everything we can see in the universe - every 
dust-cloud, asteroid field, planet, star, nebula and 
galaxy cluster - simply doesn't have sufficient mass 
to ensure that the universe behaves in the way it 
clearly does - at least, according to the Standard 
Model of cosmology, grounded in Einstein's general 


osmos 


problem was first suggested as far back as the 


darkside of, theiniver. 


ould well lead to significant 


theory of relativity. A potential solution to this 


early 1930s: “dark matter”, so called because it 

must consist of a material that neither emits nor aE 
reacts with visible light (or indeed any part o: 
electromagnetic spectrum). And so the dark side of 
the universe was born. 

More recently - albeit indirectly, by detecting its 
gravitational influence - astronomers have learned 
more about dark matter, not least the astounding 
fact that it must make up around 27 per cent of 
the total mass in the universe. Nevertheless, once 
dark matter is added to Einstein's theory, it fits 
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everything from star formation to the fact that 
galaxies don't simply fly apart due to their rate of 
spin. But it is not just about dark matter; in 1929, 
observations made by Edwin Hubble revealed 
that the universe appeared to be expanding - that 
most galaxies (Andromeda not withstanding) 
were moving away from us, and that those which 
were furthest away were doing so the fastest. The 
correlation between the distance and speed at which 
the universe is expanding was soon dubbed the 
Hubble Constant, but don't let that name fool you - 
as it turns out, it's neither constant nor unchanging 
as the universe expands! 

When it came to what was causing this 
expansion, astronomers eventually opted for the 
idea of “dark energy” as a solution - an unknown 


form of energy permeating all space, which ensures 
matter increasingly repulses matter. Again, for 
Einstein's theory still to work, this dark energy 
needs to account for more than two thirds (68.3 per 
cent) of the energy in the universe - a proportion 
that might strike some readers as wishful thinking. 
Nevertheless, in more recent decades, indirect 
evidence has been found that supports the idea of 
dark energy, not least when astronomers compare 
distance measurements and their relation to the 
redshift in the light detected from the objects (the 
fact that the universe appears to have expanded 
more in the latter half of its life is one such 
example of the evidence in favour of dark energy). 
Also, dark energy may well explain why, going by 
measurements taken of the direction patterns in the 


“Distances between cosmic objects are 
likely to double in another 9.8bn years” 


The European Space Agency's Planck Observatory measured 
the Cosmic Microwave Background radiation of the cosmos 


A snapshot of the 
oldest light in the 
universe, as seen by 
ESA’s Planck satellite 
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Cosmic Microwave Background (CMB), it appears 
the universe is close to being flat, which would 
only be possible if some form of unknown energy 
existed to balance its overall density against an 
otherwise insufficient amount of mass (matter and 
dark matter combined) in the universe. However, 
dark matter and dark energy now appear insufficient 
to keep the Standard Model of cosmology perfectly 
in sync with how the actual universe is observed to 
work. Cosmologists increasingly now talk of “dark 
radiation” and a specific form of dark energy called 
“phantom energy”. This astronomical phantom 
energy should not be confused with the phantom 
energy - or “vampire energy” - drawn by electrical 
equipment from the grid when switched off but still 
plugged in. 

Increasingly, there is also talk of “dark” or 
“modified” gravity; a somewhat more drastic 
approach that suggests we simply don't fully 
understand the fundamental nature of the universe 
and that gravity - especially at huge cosmological 
scales - doesn't actually follow the rules laid down 
by Einstein's general theory of relativity. 

Robert Caldwell is a theoretical physicist at 
Dartmouth College, New Hampshire, whose research 
focuses on addressing questions about the basic 
properties of the universe. “I guess they've really 
only been discussed since about 2000,” he explains. 
“Dark energy and dark - or modified - gravity 
are both proposals to explain the significantly 
accelerating cosmic expansion, which can't be 
explained otherwise. Some people have suggested 
that maybe gravity has a different description on 
cosmological scales, so that goes under the name 
of modified or dark gravity - I kind of like ‘dark 
gravity’. Dark radiation - that's a funny one. I guess 
really where that comes in is the gap between the 
‘allowed’ amount of radiation in the early universe 
and the amount we can account for.” 

A very recent spur for talking about these newer 
aspects of a “dark” universe was a scientific paper, 
published in June 2016, written by Adam Riess of 
Johns Hopkins University, along with the support 
of 14 coauthors from 11 research institutions around 
the globe. Based on the latest, most-accurate-yet 
calculations of the distances between Earth and 
19 different galaxies - relying on the “yardsticks” 
of more than 2,000 variable Cepheid stars and 
Type la supernovae - the paper's findings were 
startling. According to the study, the revised speed 
of the expansion of the universe is 73.2 kilometres 
(45.5 miles) per second for every 3.26 million light 
years - that is, every 3.26 million light years further 
away we look, we find the universe is expanding 
73.2 kilometres (45.5 miles) per second faster. At 
this rate, distances between cosmic objects are 
likely to double in another 9.8 billion years. The 
challenge this refined figure poses, however, is 
that it doesn't fit the expansion rate predicted from 
wider measurements made of the afterglow from the 
Big Bang - the Cosmic Microwave Background - as 
measured by the European Space Agency's Planck 
satellite. In fact, the difference is three to four times 
the “uncertainty” factored into the latest figures. 

Simply put, the paper suggests that the universe is 
currently expanding some nine per cent faster than 
it should be, at least according to the astronomers’ 
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Some 8,000 galaxies 
ensure the Shapley 
Supercluster is the 
largest structure in 
our “locgl” universe 


Phantom energy and the expansion of the universe 


The mysterious form of dark energy could very well cause our cosmos to end by being torn apart 


The first stars Galaxies are made 


Some 300mn years in, stars begin to Large volumes of matter collapse to 2 Gi = 
burn, creating heavier elements from form galaxies. The very first galaxies are a . 
hydrogen and helium. The very first thought to have been well in place some 
stars are thought to be Population 400mn years after the Big Bang. These 
Ill stars, which are extremely hot, young galaxies coalesced with others to 

massive and contain next-to-no metals. form giant galactic structures. ‘ 
® Universe begins to inflate E , ee. e 

Not long after the birth of the . he ve de Sm 

universe, an inflationary period Lp . ¢ * 

begins and ends within much i.) ‘ 

less than a second. Today, the j . 

cosmos continues to expand \ 

but at a much slower rate. : 

ey ca 
: > 
® 5 
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The Big Bang ® The Dark Ages tia 

Some 13.8bn years ago, For 150mn years the universe is Phantom energy tears space apart © 

the universe began in transparent without any large-scale . Some scientists believe that phantom ¥ 

a rapid expansion that structures. During this time, the only real 3s Acceleration dark energy - a hypothetical form of 5 

originated from an area radiation was the so-called hydrogen line Increases dark energy - will cause space-timeto 

of high temperatures - when there's a change in the energy accelerate beyond the speed of light, s 

and high density. state of the neutral hydrogen atoms. leading to the universe ending in a Big Rip. 6 
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Dark matter's radiation and gravity 


Whatever comprises dark matter, even darker elements'could be responsible for its behaviour 


Proton 


Photon 


Quark Electron 


Neutron 


Neutrino 
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What could dark 
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Higgsino » Dark neutrons 
The super-partner of 

_ the Higgs boson, ifthe ~~ 
Higgsino comprised dark bad 

_ matter, then it would have 
a mass of 1.783kg-x 10°74, 


* which is considerably 
massive for a particle. 


A technician works on 
one of the Digital Optical 
Module sensors of the 
IceCube Observatory in a 
clean room 
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Sterile 
neutrino 
The sterile neutrino 
doesn't interact with any of the 
fundamental forces that form the 
Standard Model of particle physics - 
that is, electromagnetic and the weak 
and strong nuclear forces, save gravity. 
They are a feasible explanation for 
what comprises dark matter, since 
they do not interact with either 
electromagnetic radiation or 


Axion 

These particles, if they 
exist and have a low 
mass, could be the 
primary component of 
cold dark matter. 


™ 


Dark photons 

Another proposed ‘dark 
force carrier’ for dark matter, 
dark photons are elementary 
particles that could be seen 
by mixing with the particles 
of light we know as photons, ) 
along with how they effect 


‘ : 2 
the interactions between a matter, except through 
known particles. gravity. 
* 
e * 
- Dark e Gravitino 
eo. ge - Another suggested candidate 
e radiation for dark matter, the gravitino 
Whatever particle * is partner to the hypothesised 
comprises dark matter, Fy graviton - the particle that 
some believe that dark supposedly explains the 
electromagnetism mediates existence of gravity. 
the interactions of its . ; & 
constituents. * : 
: a park 7 
¢ : e 
° ‘ gravity 
Dark gravity is thought to 
WIMPS be the gravity produced by 
a WIMPS, also known as weakly dark matter. Yet, unlike the 
Dark electron interacting massive particles, gravity that we experience 
comprise of new elementary S on Earth, dark gravity is 
particles that interact through repulsive. 


gravity and other forces, which 
may not have been discovered yet. 


Pa ‘ 


predictions. “Either something else is missing, as in 
there's a new type of substance we don't know, or 
the things we already know of are really weird and 
crazy and something funny is going on,” explains 
one of the paper's authors, Dr Brad Tucker from 
the Mount Stromlo Observatory at the Australian 
National University. “We either add in something 
new or we really have to figure out what do we 
think about dark matter and dark energy and what 
they are.” 

“While there have been published doubts raised 
about the accuracy of some of this CMB data, taken 
at face-value, it appears we may not have the right 
understanding, and it changes how big the Hubble 
Constant should be today,” Riess said at the time. 
“This surprising finding may be an important clue 
to understanding those mysterious parts of the 
universe that make up 95 per cent of everything 
and don't emit light, such as dark energy, dark 
matter and dark radiation.” Given it's breadth and 
scope, astronomers around the world have taken the 
findings of Riess and his colleagues very seriously; 
after all, in 2011 Riess had shared the Nobel Prize 
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The hunt for the 
sterile neutrino 


If these tiny particles exist, then the 
IceCube Neutrino Observatory built under 
the ice of the South Pole is one of our best 
chances of finding them 


Bedrock 

IceCube rests just above the Antarctic 
bedrock, hoped to help block out 
neutrinos from below. Buried some 
2,500m (8,200ft) below the surface, 
IceCube uses the Earth itself as a filter 
to block out more locally produced 
cosmic rays while letting neutrinos in. 


© Deep down 
The top detector 
(Digital Optical 
Module) on each 
string is nearly 
1.5km (0.9mi) below 
the surface ice. 


il 


“There is an understandable reluctance to 
let go of both Einstein's theory of gravity 
and the well-established data on the CMB” 


in Physics for the initial discovery that the universe 
wasn't just expanding, but that the rate at which it 
was doing so was also increasing. 

Professor Erik Verlinde of the University of 
Amsterdam has spent much of his time since 2010 
attempting to develop a totally new theory of 


gravity, one that explains such observations without 


the need to invoke the likes of dark matter and 
dark energy: his theory of “emergent gravity” - so 
called because gravity is not a fundamental force 
after all, but an “emergent” phenomenon similar 
to temperature emerging from the movement of 
particles. This sits somewhat better with quantum 
mechanics (the physics of the very small) than 
Einstein's general theory of relativity (the physics 
of the very big), which has long been a problem for 
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those looking for a so-called “theory of everything”. 


An international survey looking at the gravitational 
lensing caused by galaxies, published in the 
December 2016 issue of the Monthly Notices of the 
Royal Astronomical Society, found that Verlinde’s 
equations could explain the observations without 
the need for dark matter. That was just emergent 
gravity’s first test, however, and it's by no means 
over for Einstein just yet. 

There is an understandable reluctance to totally 
let go of both Einstein's theory of gravity and the 
well-established data on the CMB; the former may 
be found to be incomplete, however, that’s not 
the same as it being wrong. So it’s little surprise, 
then, that so many astronomers have opted for 
there being some unknown physical phenomenon 
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IceCube Observatory 
The IceCube South Pole Neutrino Observatory 
is located close to the South Pole, Antarctica. 


‘Boreholes 

Over 80 individual strings of detectors 
gather data, which is sent by satellite to a 
data warehouse in America. About 1OOGB 
of time-stamped data is collected every day. 


Looking for a flash 
There are 60 detectors on each string, 
which are 17m (56ft) apart. There are 
more than 5,000 individual detectors. 


responsible for the discrepancy between theory and 
observations. With dark energy already assumed to 
be the foot on the accelerator causing the universe 
to expand, it’s not a huge step to suggest ways in 
which it may actually be pushing galaxies away 
from each other with even greater - or increasing - 
strength than originally expected. 

However, another idea with growing support 
is that this greater-than-expected expansion of 
the universe is down to previously undiscovered 
subatomic particles that, in their early history, 
travelled close to the speed of light - collectively, 
these are termed ‘dark radiation’ and include a 
proposed ‘fourth flavour of neutrino’, delightfully 
known as ‘sterile neutrinos’. 

What is needed, of course, is evidence. At the 
moment, the rate of expansion of the universe is 
the only significant, albeit indirect, sign of dark 
energy and specifically phantom energy. “The 
rate of acceleration is greater than in other dark 
energy models or theories of dark energy,” says 
Caldwell. “Usually, that's expressed in terms of 
the equation of state of dark energy; for phantom 
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energy the equation of state is more negative than a 
certain critical value. Putting together a really good 
measurement of the rate of expansion is the primary 
way that something like dark energy or phantom 
energy is being tested.” 

Caldwell continues, “Dark gravity you can begin to 
constrain within a particular theory, I suppose, doing 
the same types of tests you would for phantom 
energy. But if you really want to test this idea of dark 
gravity, you have to look at some phenomena where 
you'll see an appreciable difference. And in many of 
the theories that people have proposed, phenomena 
like gravitational lensing should look different in 
a universe described by dark gravity rather than 
general relativity. And so people are looking for ways 
to use weak lensing experiments where, instead 
of the lens being the Sun and the source (of light) 
being a star in the galaxy - as happened in 1919, 
which proved Einstein's theory correct - the lens is 
a cluster of galaxies and the light is much bigger. 
Think big.” 

Nevertheless, Caldwell still thinks we await 
a new idea or new technological breakthrough. 

“The problem with a lot of these tests or theories 
we're going after is that, in each case, there's a 


“If I meet a cosmologist now 
who thinks that the whole 
dark energy-dark gravity 
thing is on the wrong track, 
then they're just ignoring the 


: mu 
evidence” rover: Caldwell, Dartmouth College 0 


gap and we've filled it with something,” he says. 
“Observers are doing their duty of carrying out the 
measurements to the best of the technology they 
have and developing new techniques, pushing 
technology forward, but few of these theories have 
a unique prediction that would say: ‘You just need 
to measure this one thing and forget the rest, and 
then you'll see.’ That's a bit of a problem; I guess that 
makes it harder. We're still waiting for either that 
real breakthrough idea or measurement.” Still, he's 
just as committed as most astronomers to the idea 
of there being these dark aspects to the universe. “If 


Pulsating RS Puppis 

(centre) is the kind of 

star used to measure 
galactic distances 


I meet a cosmologist now who thinks that the whole 


dark energy-dark gravity thing is on the wrong track, 


then they're just ignoring the evidence,” he says. 

But what if some aspect of dark gravity proves 
that Einstein simply got it wrong? “If we discover a 
new gravitational phenomena, then we will realise 
that Einstein's theory has a similar role to Newton's 
theory,” Caldwell says. “That it's a beautiful theory 
that leads to testable predictions with high accuracy, 
but it's only valid in a certain domain, a certain 
range of validity - at which point it gives out to yet 
another theory.” 
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In this artist's impression, dark energy is the smooth 
purple grid above the galaxies 


Galaxy cluster SDSS J1038+4849 doesn't have sufficient 
mass to cause gravitational lensing without dark matter 
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Planets furthest from 
TRAPPIST-1 are likely to have 
significant amounts of ice on 
their surfaces - especially on 
their space-facing sides 


With the aid of ground-based and space-based 
telescopes, astronomers have uncovered a system of 
seven worlds with sizes similar to our Earth, orbiting 
a cool red dwarf star. Owning the title of the star with 
both the largest number of Earth-sized planets and 
biggest collection of worlds that could support liquid 
water, TRAPPIST-1 possesses just eight per cent the 
mass of the Sun and is just marginally bigger than 
king of the Solar System, Jupiter. 

The seven worlds - known simply as TRAPPIST- 
lb, c, d, e, f, g and h - were picked up via the 
transit method, which uses the dip in a star's 
light as worlds appear to pass in front of it to 
make exoplanet discoveries. According to the 
combined measurements by the European Southern 
Observatory's (ESO's) La Silla Observatory, the 
Very Large Telescope (VLT) at Paranal, Chile, and 
the NASA Spitzer Space Telescope, among other 
telescopes around the world, astronomers discovered 
that at least six planets are similar to Earth in 
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EARTH- 
SIZED 
WORLDS 


Ata distance of 40 light years away, the ultracool 
TRAPPIST1 star has the largest number of planets 
that could support oceans of liquid water 


“TRAPPIST-1 is the first such system that's a 
promising target for extraterrestrial life" 


temperature too. 

“This is an amazing planetary system - not only 
because we have found so many planets but because 
they are all surprisingly similar in size to Earth,” says 
lead scientist Michaél Gillon of the STAR Institute at 
the University of Liége, Belgium. It has always been 
suspected that red dwarf stars are our best chance of 
finding Earth-sized - and even Earth-like planets - in 
tight orbits around them. However, TRAPPIST-1 is the 
first such system found that’s a promising target for 
extraterrestrial life. 

The orbits of the seven planets are not much wider 
than that of Jupiter's Galilean moon system and 
are much smaller than Mercury’s path around the 
Sun. While the orbits are tight, the ultra cool dwarf's 


small size and low temperature mean that the 
planets receive an energy input that’s similar to that 
received by the inner planets in our Solar System. It's 
suspected that TRAPPIST-Ic, d and f receive similar 
amounts of energy to Venus, Earth and Mars. 
Potentially, all seven worlds could have liquid water 
on their surfaces, however, being at a distance 

that puts them in the habitable zone of their star, 
TRAPPIST-le, f and g are most likely to host oceans 
of surface water. “With the upcoming generation of 
telescopes, such as ESO's European Extremely Large 
Telescope and the James Webb Space Telescope, 

we will soon be able to search for water and 

perhaps even evidence of life on these worlds,” says 
Emmanuél Jehin of the University of Liége, Belgium. 
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Since they rest in the 
habitable zone of their star, 
TRAPPIST-le, f and g could 

host oceans on their surfaces 


TRAPPIST-1 system 
compared to Solar 
System orbits 


Galilean moons 


of Jupiter 
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Inner Solar System 
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“We needed a suit that was airtight, 

could withstand the pressure 

differential, and could get the crew 

4 | down in an extremis situation” 


Chris Ferguson, director of Crew and Mission Operations, Boeing 


Gloves 

The gloves are still fitted by rotating metal 
rings but these have been re-engineered 
to be smaller, lighter and comfortable. 
Also included is touch-screen capable 
fingers, as touch-screen interfaces have 
great advantages in spacecraft; they are 
reconfigurable and have no moving parts. 
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Boots 

Commercial crew suits will be used 
extensively in accessing the craft on Earth 
and moving between the spacecraft on 
docking. The quality and support of the 
shoes is important, so the David Clark 


Company collaborated with Reebok on 
IS THIS THE the creation of the integral Starliner boots. 


BEST 


SPACESUIT YET? 


With the launch of its new capsule, Boeing is also launching a new spacesuit. 
All About Space finds out if its stylish design is a cut above the rest 


Written by Robin Hague 
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Soft helmet 
Starliner has a soft 

hood-like helmet in place of the 
hard shell. This reduces weight, 
removes hard fittings that could 
injure the wearer and makes 

it easier to store. It remains 
attached to the suit at all times 


and is closed by an airtight zip. 
A polycarbonate visor provides 
a wide field of view. 


Re-engineered joints 
Boeing and spacesuit 
manufacturers David Clark 
Company have created new joints 
that provide increased flexibility 
for the astronaut compared 

to earlier suits. More flexibility 
makes the suit easier to wear for 
longer periods of time. 


Permeable layers 
As aclosed environment, 

spacesuits need active ventilation and 
cooling to remain safe but if the water 
vapour can escape, then we can still 
exploit our own cooling mechanism of 
sweating. Starliner incorporates a Gore- 
Tex-like layer that lets water vapour 
escape the suit, while remaining airtight. 


Best spacesuit yet 


Boeing and SpaceX are building space capsules 
to carry astronauts to the International Space 
Station (ISS), giving America independent access 
to space again. These spacecraft are focused solely 
on personnel transport, rather than the multiple- 
use design of the Space Shuttle. This means they 
are somewhat smaller so it would not be practical 
o continue using NASA's orange Advanced Crew 
Escape Suits (ACES) that Shuttle crews wore. Both 
companies have taken this as an opportunity to 
design new suits that take advantage of the Shuttle 
programme's experience and recent improvements 
in technology. Boeing unveiled the first finalised 
design recently, naming it the Starliner Suit. 

Resplendent in “Boeing blue” the Starliner Suit 
(named after Boeing's spacecraft, itself named 
after Boeing's pioneering commercial aircraft the 
Stratoliner) has been developed in house by a 
team led by experienced Shuttle astronaut Chris 
Ferguson, now director of Crew and Mission 
Operations at Boeing. “Astronauts have formerly 
had these heavy, bulky suits with thick neck rings, 
and we learnt through the years that maybe 
we didn't need that,” says Ferguson. Indeed, 

the striking impression is one of simplicity; 
the ACES continued the design approach of 

NASA's first suits, the iconic silver Mercury 

programme suit. A metal ring fitting around 

the neck secured a separate rigid helmet and 
similar rings, allowing rotation at the wrists, 
secured the gloves. This all added weight to 
the suit but the hard internal parts associated 
with the rings on previous suits often caused 
irritation or bruising to the wearers. 

With the Starliner, Boeing have started from first 
principles; these suits are an emergency back-up to 
he environmental systems of the space capsule, 
here to provide oxygen, atmospheric pressure, 
personal cooling and fire protection. The crew would 
aunch with the suits on and closed but they don't 
have to be used for full space walking; Boeing set out 
o create a minimalist suit that was as user friendly 
as possible. Ferguson comments, “We needed a 
suit that was airtight, could withstand the pressure 
differential, and could get the crew down in an 
extremis situation.” 

The most noticeable difference is the lack of the 
classic astronaut helmet; even if exposed to the full 
vacuum of space the fabric of the suit only needs to 
contain a maximum of 1 bar (14.5 psi, or roughly half 
the pressure in a car tyre) so hard structures are not 
actually needed. In place of the separate helmet, the 
Starliner has an integral fabric helmet, rather like an 
all-encompassing hood, that closes with an airtight 
zip. This soft helmet is convenient for the wearer to 
open and close, and when open, it folds back behind 
the shoulders like a hood, but it also incorporates 
a wide polycarbonate visor that provides excellent 
peripheral vision. 

Although the gloves are still secured by rotating 
metal rings, these have also been re-engineered to 
reduce weight and improve comfort. The most 21st 
century aspect though, is the inclusion of touch- 
screen compatible material on the thumbs, index 
and middle fingers. This is important, as capacitive 
touch-screen interfaces are becoming increasingly 
used in spaceflight, due to their simplicity and lack 
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a 


of moving parts. New materials also play a part in 
keeping Starliner astronauts comfortable; being a 
sealed environment, spacesuits need additional 
cooling as well as ventilation, and for the Starliner, 
Boeing - working with long-standing spacesuit 
company David Clark Company - have used a Gore- 
Tex like material. This lets water vapour through 
while remaining airtight, which stops humidity 


building up inside and makes it much cooler to wear. 


Even though spacesuits are not high-pressure 
vessels, the stiffening effect of the internal pressure 
has always been a challenge for designers. Suits 
need to contain the atmosphere without becoming 
impossible to bend or move limbs. Inflatable 
structures gain their rigidity because a change in 


“With conventional spacesuits, youre in a balloon of gas 
that's providing you with the necessary one-third of an 
atmosphere to keep you alive. We want to achieve that 
through mechanical counter-pressure” professor pava Newman 


shape reduces the internal volume in some way, 
which increases the pressure, naturally opposing 
the change; suit joints are designed to provide free 
movement without inducing a change in volume. 
Again, in Starliner's case, Boeing and David Clark 
Company have been able to rework the textile design 
of joints to provide better mobility compared to 
earlier spacesuits. In addition though, the suits will 
be tailored to their wearers, and the suit includes 
external zips across the abdomen to enable the shape 
to be adjusted for sitting or standing. 

Finally, while “Moon boots” became slang for 
big clumpy shoes, the Starliner boots have been 
developed in collaboration with Reebok. They are 
specifically intended to be lightweight, comfortable 


and effective for all phases of walking and running; 
after all, if you have an emergency in a spacecraft 
then you generally want to be able to get out quickly 
if it's an option! With any luck, NASA's first Starliner 
astronauts should be flying to the ISS in Boeing blue 
sometime in 2018 or 2019. 
But Boeing is not the only enterprise developing 
new spacesuits; NASA is currently aiming to send 
astronauts on missions beyond Earth orbit for the 
first time since 1972, to visit an 
asteroid and land on Mars over 
the 2020s and 2030s. The 
requirements for exploration 
suits, for space walking or 
surface exploration, are more 


Evolution of the American spacesuit 


Spacewear has been under constant development since the first launches in 1961 


Mercury programme 

Years active: 1950s to 1960s 

Missions used for: Mercury programme 

This started off as the Navy Mk4 pressure suit, 
developed for unpressurised aircraft, and it was the 
best option when the Mercury programme began in 
1959. Its silver reflective coating set the pattern for 
fictional spacesuits for years to come. 


Aluminium @ 
coating 

The silver look of the 
Mercury suit was an 
aluminium-coated 
nylon to reflect heat. 


Oxygen input @ 
Oxygen was supplied 
to the suit at waist 
level so it also 
provided cooling. 


Biomed al z 


connection 
The spacesuit 
incorporated medical 
sensors for checking 
on astronaut health. 
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Gemini programme 
Years active: 1965 to 1967 
Missions used for: All Gemini missions and Apollo 1 
The Gemini spacesuit was based on the pressure 
suit they made for the X15 rocket-plane. Gemini was 
NASA's accelerated development programme, where 
they tried out everything they would need for Apollo. 
This suit was used for the first US spacewalk. 


Two types of helmet @ 
The majority of the Gemini 
missions had a hard helmet 
with visor, but the 14-day 
Gemini 7 had soft hoods 
like the new Starliner suits. 


EVA ® 

These suits were 
used for the first 
US spacewalks 
with a backpack 
propulsion unit. 


Layers of fabric @ 
Over the programme, 
the suit gained extra 
layers of insulation 
for different missions. 
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Apollo A7L 

Years active: 1968 to 1975 

Missions used for: Apollo and Skylab 

Created by ILC Dover, the Apollo suit was used for 
all space and Moon walks and is the only suit used 
on another planetary surface. It had two sections: an 
integrated torso-limb suit assembly and a thermal 
micrometeoroid garment that fitted over the top. 


Fishbowl helmet @ 
Once again secured by a 
rotating ring, the Apollo 

helmets changed to a 

“fish bowl" to remove 
the need to seal a visor. 


Life support @ 
system 

The suit was capable 
of functioning 
independently with 
its own life support 
system. 


Micrometeoroid 
thermal garment 
This outer layer 
provided thermal 
shielding and protection 
against space dust 
when working outside. 


www.spaceanswers.com 


Best spacesuit yet 


demanding than the interior emergency suits. NASA 
has two prototypes in development: the PXS and Z 
Series suits - the PXS is targeted primarily at zero 
gravity and the Z Series at planetary surfaces but 
hey have many aspects in common. Extra Vehicular 
Activity (EVA) suits are always used in a pressurised 
condition, and in Earth orbit and on the Moon 

hey will be exposed to unmediated solar heating, 
radiative cooling in the shade, and micrometeorites. 
PXS looks like a chunkier version of the existing 
Shuttle EVA suits, which are still in use on the ISS, 
but with two striking differences among many more 
subtle functional improvements. First of all, the 

orso and leg sections are joined by a freely rotating 
sealed bearing; this provides much greater freedom 
of movement both under gravity and in zero gravity, 
as it lets the astronaut twist about the waist, making 
walking more natural. The second big change is the 
incorporation of a “suitport”; rather than put the suit 
on, climb into an airlock, vent the atmosphere, and 
climb out into space, an astronaut would climb into 
the suit through a door in the back, incorporated into 
the outer wall of the spacecraft. The suit would be in 
vacuum all the time and a second door would close 


a WY Boeing's new 
; _Starliner spacesuit 
* istobe wom by 
astronauts flying on 

the CST-100 Starliner 


Shuttle Ejection 
Escape Suit 


Years active: 1981 to 1982 

Missions used for: STS1 to STS4 
During the initial design certification 
flights, the Space Shuttle had ejection 
seats. David Clark provided this suit, 
which would have allowed ejection up 
to a 24km (15mi) altitude. Fortunately, 
they were never needed. 


Air Force helmet @ 
An SR71-style suit, it 
had a hard Air Force 
helmet secured by a 

metal ring. 


support 

The suit had no 
independent life 
support system 
and would rely 
on the astronaut 
falling rapidly to 
a more benign 
atmosphere. 


Ejection suit \ 
Intended only for 
use within the 
Shuttle or for the 
short duration of 
ejection. 
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30 minutes air @ 


support, including 


breathing oxygen. 


Launch Entry Suit 
Years active: 1988 to 1994 
Missions used for: STS26 to STS65 
After certification, the Shuttle crews 
flew in light blue LES suits offering 
reduced protection. Following the 


Challenger disaster, NASA returned to 
an escape suit. This was based on suits 


used in Gemini and the USAF high- 
altitude SR71 and U2 aircraft. 


LES could provide 
temporary life 


up to 30 minutes 


Environmental and communication 
controls and displays are mounted 


The upper section 


EMU 


Years active: 1984 to present 
Missions used for: Space Shuttle from 
STS6 through to current ISS EVAs 

The EMU is the US’ current EVA suit; it 
comes in upper and lower parts, with 
a hard torso section. It acts as a self 
contained spaceship and can sustain 
an astronaut for up to 8.5 hours. It is 
one of two suits used outside the ISS. 


Control and display @ 


on the chest below the visor. 
Hard torso @ 


features a hard 
structure with 
arms attached. 


<< 


@Survival 
backpack 

A backpack 
featured a 
parachute, life 
raft and survival 
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Zipped ® equipment. cy, 
gloves — 
Rather than _ 
\ rotating metal Thermal ®@ A F 
rings the LES protection rl A 
gloves were The bright white —a FG), 


\/ Zipped on ina 
manner used 

for the early 
Mercury suit. 
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gs 


outer surface 

is to protect 
astronauts from 
solar heating. 
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Black leather paratrooper 


additional ankle protection 


ACES 


Years active: 1994 to possibly 2020s 
Missions used for: Space Shuttle 
missions 64 to 135 

Descended from the US Air Force high- 
altitude pressure suits and used by the 
X15, U2 and SR71, the Advanced Crew 
Escape Suits were used to provide 
emergency protection for crews on 
Space Shuttle missions. 


International orange @ 
The crew had the option 
to bail out during the 
glide phase, and bright 
orange would make them 
easier to spot in the sea. 


Visor helmet @ 
ACES has a visor 
that can be opened, 
which includes a 
second outer tinted 
visor for protection 
against glare. 


Zipper boots @ 
ots with zips provided 


and pressure support. 
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“These suits are an 
emergency back-up 
to the space capsule, 
there to provide 
oxygen, atmospheric 
pressure, personal 
cooling and fire 
protection" 


up the spacecraft, releasing the suit (and astronaut) 
to make the EVA. This avoids losing a room's worth 
of cabin atmosphere every time someone goes 
outside; and for planetary exploration it keeps dust 
outside (Apollo astronauts found the lunar dust that 
was carried into the cabin irritating), as the suit itself 
never enters the cabin. 

The Z Series suits also incorporate a suitport but 
hey are intended specifically for planetary surfaces, 
so they feature rigid but lightweight carbon fibre 
sections to better protect astronauts from the greater 
range of gravity and hazards. They are striking 
ooking spacesuits built by another long standing 
US spacesuit company, ILC Dover, and have been 
approached with an eye to aesthetics. So much so 
hat Janty Yates, costume designer for The Martian, 
felt she couldn't use them as the basis for a hard 
science fiction film: “The Z1 is a Buzz Lightyear look- 
alike [NASA did use the same florescent green stripes 
on white as Pixar] and the Z2 looks far too futuristic 
for us.” 

All current spacesuits are to some degree 
human-shaped balloons that will always restrict 

our movements and make EVAs more challenging, 
but Massachusetts Institute of Technology (MIT) 

is working on something completely different. 
Professor Dava Newman describes the principle: 
“With conventional spacesuits, youe essentially 

in a balloon of gas that’s providing you with the 
necessary one-third of an atmosphere to keep you 
alive in the vacuum of space. We want to achieve 

hat same pressurisation but through mechanical 
counter-pressure - applying the pressure directly to 
he skin, thus avoiding the gas pressure altogether. 
We combine passive elastics with active materials. 
Ultimately, the big advantage is mobility and a very 
ightweight spacesuit for planetary exploration.” 

The MIT BioSuit uses the stretchiness of super- 
ight materials to apply pressure to the body. Without 
having to be inflated, the skintight BioSuit would 
remain as flexible as normal clothing, and much 
ighter too. MIT are also looking at incorporating 
shape memory alloys (SMAs) into the design, so 
BioSuit could easily stretch to put on and then 

ighten up by contracting SMA springs running 
hrough the material - a development that would 
make spacesuits even more versatile. Whatever you're 
doing in space, the new generation of spacesuits are 
going to be much more comfortable; and you're going 
0 look fabulous doing it. 
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Boeing's pioneering commercial aircraft, the CST-100 
Starliner, is currently under construction 


NASA astronaut Eric 
Boe tries Boeing's new 
Starliner spacesuit 

on for size at NASA's 
Kennedy Space Center 


NASA astronaut Suni 
Williams tests the new 
Starliner spacesuit, 
designed to be more 
flexible and lightweight 


STS 


D, 


An artist's impression of the launch of the CST-100 
Starliner spacecraft on top of an Atlas rocket 
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INTERVIEW BIO 
Dr David Parker 


Dr David Parker is the 
former chief executive of 
the UK Space Agency and 
ESA's current director of 
human spaceflight and 
robotic exploration. He 

has a PhD in aeronautics 
and astronautics from 
Southampton University and 
began working for British 
Aerospace Space Systems 

in 1990 on technology 
research for missions. During 
his career, he has worked 
for Matra Marconi Space in 
Bristol and he was assistant 
director at the British 
National Space Centre. 
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Return to the Moon 


Mans returmm 2 Moon 


NASA is planning to take astronauts around our natural satellite for the first 
time since 1972 with the help of the European Space Agency. ESA's director of 
human spaceflight and robotic exploration, Dr David Parker, tells us more 


Interviewed by David Crookes 

ESA is working on Orion - a spacecraft NASA 
intends to use to send astronauts into space in 
2021. It is building a cylindrical unpressurised 
service module, which will provide electricity, 
water, oxygen and nitrogen while keeping the 
craft on course, and it is due to embark on a test 
mission next year. But how did ESA get involved? 
ESA is involved in the International Space Station 
(ISS) - we have astronauts up there and we carry out 
science and technology on board. We are also eight 
per cent contributors to the ISS but there are certain 
things we don't currently do such as launching 
astronauts and shipping cargo to and from the space 
station. It means we have to barter in order to use 
these kinds of facilities and tools with our NASA 
colleagues. In this case, we were looking long term 
towards exploration beyond low-Earth orbit and the 


idea came about of participating in NASA's Orion 
programme. We felt we could build on the know-how 
we'd built up in developing our Automated Transfer 
Vehicle, which serviced the ISS between 2009 and 
2015, and that we could bring our knowledge to the 
table. Basically, in exchange for European industry 
building the service modules for what will be 
Exploration Mission 1 (E-M1) and Exploration Mission 
2 (E-M2), we get to continue to work on board the ISS 
and fly astronauts there. It fulfils our access to the ISS 
and it gets us involved in the future of exploration. 


It is going to be the first deep-space exploration 
since Apollo in 1972. How does that feel? 

It's super exciting for exploration in general and its 
super exciting for Europe because it will literally 
be the first vehicle built by Europe that carries 
astronauts. All of the skills and knowledge needed 


‘Tt was very much the long-term ambition of 
ESA to have astronauts heading out beyond 


low-Earth orbit” 
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An artist's impression of 
the Orion spacecraft with 
ESA’s service module 


to meet the requirements of carrying astronauts also 
brings its own challenges but we've just shipped the 
propulsion demonstration module and we're on the 
critical path of NASA’s exploration programme, which 
is really motivating for the industrial teams. It's also a 
big vehicle. The whole fuelled mass is 35 tons. 


Has going beyond low-Earth orbit been ESA’s 
ambition for a while? 

Yes, it has been an ambition for a long time to be 
involved in deep-space exploration. There are [ESA] 
studies going back ten years on lunar exploration and 
of where we go next, so it was very much the long- 
term ambition of ESA to have astronauts heading out 
beyond low-Earth orbit. Of course, we still need to 
stay in low-Earth orbit to do the science and research 
that happens there. But increasingly that may move 
to amore commercialised model. We're already 
seeing [in the US] commercial companies involved in 
taking cargo and, eventually, crewed vehicles to the 
ISS. But the vision is to go further, definitely. 


The first astronauts leaving low-Earth orbit will be 
from NASA. Will ESA astronauts be looking to go? 
As far as the agreement goes today, the first crewed 
mission will involve NASA astronauts - we are 
building something and they will get to fly it. But 
eventually one day the ISS will come to an end and 
the sort of ideas being talked about are concepts of a 
deep-space habitat - the idea that we have a crewed 
vehicle in orbit that is able to carry four people with 
at least a laboratory and an electric propulsion system 
to be in orbit and do shakedown cruises in deep 
space. Orion would carry the astronauts to that deep- 
space habitat and dock with it. So you start to build 
up this idea and it's certainly an ambition. Nothing 
has been agreed but we want to be part of that. 


Is cooperation between ESA and NASA strong? 
Part of the exploration is to do great science and 
technology innovation and inspire people, but 
international cooperation is at the centre. Everything 
we do at ESA is in international cooperation, whether 
we are working with NASA, Russia or exploration 
partners in the station. It’s essential to share the 
burden and carry the workload. Working alone, we 
could never contemplate building something like 
Orion so to be part of it is a real bonus. 


Tell us more about the hopes of 2018's E-M1. 

It's going to be the testing of NASA's Space Launch 
System (SLS) so there’s going to be an enormous 
rocket - the biggest thing since the days of Saturn 
V. Simply seeing that launch will be extraordinary 
but it will test the behaviour of the Orion module, 
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The service module sits directly below Orion's 
crew capsule. It is 5m (16ft) wide and 4m (13ft) 
high, weighing 13.5 tons without propellant 


“Part of the exploration is to do science and 
technology innovation and inspire people - 
international cooperation is at the centre” 


A test version of ESA's service module is put through its 
paces in Ohio, US. It will sit on top of the Space Launch 
System and contain over 2,500 tons of propellant 
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The Orion spacecraft lifts off on a test launch in 
December 2014. It does not have the European Service 
Module attached 


its loop around the Moon and its return. It will also 
test the behaviour of the service module and its 
propulsion system, which has a large engine that is 
derived from the Space Shuttle’s Orbital Manoeuvring 
System engines. So it's testing the end-to-end 

system, and obviously the tracking systems and the 
control systems. E-M2 will have the added factor of 
astronauts aboard. In that instance, the astronauts 
will take the first views of the Moon from the digital 
age back to Earth. It will be a real milestone. 


What is expected during E-M2? 

The current plan is an eight-day mission. It goes up 
into a parking orbit around the Earth for a bit over 

a day so there's a three-and-a-half day outbound to 
the Moon and then coming back again. So it adds 
up to about an eight-day mission at least with a free 
return so that if there are any problems, there are no 
manoeuvres by the vehicle applied at the Moon. It 
will probably have some piggyback payload, such as 
small CubeSats put on a trajectory to the Moon. Some 
of them will try and go into lunar orbit and there 
may be some other larger payloads on board as well. 
It will be a pretty impressive mission. 


Has there been a lot of frustration that humans 
haven't been out of low-Earth orbit since 1972? 

I think if you talk to Buzz Aldrin and anyone down 
from that, they'll say we're waiting for that experience 
[to be replicated] in the digital age. I remember the 
Apollo missions but we were watching it on grainy 
black and white televisions. This will be the digital 
age where everybody globally will be able to watch 

it in real time. There will be that sense of looking up 
at the Moon and knowing that humans are travelling 
there and it will be an amazing experience. 


What are the plans after this? 

In terms of human exploration, the end is sending 
people to Mars. NASA talks about a journey to Mars 
but “journey” is the important word. There's a lot to 
learn before we can make that voyage. If you think 
about it, the ISS has astronauts in a comfortable 
working environment - there's a large volume and 
a regular supply of food, oxygen and other supplies. 
But when you think about living and working in 
deep space, you have to consider how you can 
reduce the amount of logistic supplies and about 
better efficiencies in recycling water and waste, 

and in generating oxygen. We also have to tackle 
the challenge of radiation protection. The Apollo 
astronauts went to the Moon and back within a few 
days and were lucky enough not to be exposed to 
high doses of radiation. But we'll have the challenges 
of radiation protection on longer missions. 


Will there also be issues of mental wellbeing? 
Yes, of course. Rather than the wide-open space of 
he ISS, astronauts will be constrained in a small 
volume. It'll be more like a deep space campervan 
han a luxury hotel space station. So we have to 
work out how to support the astronauts, transport 
hem into deep space, protect them from the 
radiation, supply them and keep them mentally and 
physically in good shape. It'll be a step-by-step vision 
hat reaches out with robots and humans working 
ogether, going beyond where we are today. 
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"It'll be a step-by-step vision that reaches out 
with robots and humans working together, 
going beyond where we are today” 


What are your hopes for the ISS though? 

Europe has decided to carry on being a major part 
of the ISS until 2024 and there is a lot of very good 
science that’s planned now, whether it's biology 
related or developing materials. We're starting to 
see industrial companies looking at the feasibility 
of manufacturing in low-Earth orbit, such as 

high quality optical fibres that can be potentially 
manufactured in a space environment. Looking 
beyond that, there will be a gradually greater 
involvement of the commercial sector in using 
ow-Earth orbit. You can envisage a whole world of 
commercial Space Stations, of commercial crew and 
cargo vehicles and uncrewed vehicles doing science 
in space. I think what we will see is a diversity of 
hings happening in low-Earth orbit rather than one 
big piece of infrastructure. 


What frontiers are you pushing technologically? 

In terms of low-Earth orbit, how we get more efficient 
in terms of doing the science and recoverable 

This is the real European 

Space Module being created 

in the assembly hall at 


Airbus Defence and Space, 
in Bremen, Germany 


vehicles is an area of interest - the potential for 
launching and recovering vehicles and reusing 

them is important. For going into deep space, we're 
interested in the habitat modules and very high- 
powered electric propulsion. We're doing a lot of 
electric propulsion today for the scientific missions at 
10kW and 20kW levels. We need to look at 30kW and 
A4OkW size engines for deep-space exploration. Then 
there's the interaction between humans and robots. 
One of the experiments that [ESA astronaut] Tim 
Peake did last year was demonstrating the control of 
a planetary rover on the surface of the Earth but in a 
simulated environment and controlling that from the 
ISS. So that is kind of projecting forward. 


You mentioned Tim Peake. He really caught 
imaginations with the work he did with schools 
and his interactions with the public. How 
important has his contribution been? 

When I was running the UK Space Agency, working 
with schools was a very big part of our ambition. 


Return to the Moon 


Tim Peake did a fantastic programme of science but 
we really wanted a legacy for the next generation, 
so a big effort was made with a lot of different 
partners to deliver a fantastic education programme 
that appealed to different ages of school students. It 
wasn't just science and technology but things that 
involved arts and humanities and it had a massive 
impact. The UK Space Agency estimates 1 million 
kids were involved in activities around his mission. 
From the moment of launch to the end, it attracted 
a lot of attention for the next generation because the 
kids in the UK hadn't experienced anything like this. 
I go back to my own childhood and remembering 
Apollo and this was their Apollo, I think. 


There has been a real resurgence in space. Why? 

I think it's something to do with the diversity we 
have now. It’s not just NASA. There's so much 
happening in Europe, India, China and Russia and 
you have all of the commercial billionaires like 
[Space X's] Elon Musk and [Amazon boss] Jeff Bezos 
developing their own rockets. A new generation is 
seeing the excitement and limitless potential of space 
and how it relates to us on Earth, and it appeals to 
the heart as well as the brain. It feels like it's a very 
dynamic time again and things are happening very 
quickly after a long period where it appeared to move 
very slowly. 
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Future Tech Moonstream 


Moonstream 


NASAs art and design outreach projects have produced a stylish Moon rover 


“The Moonstream is the ultimate 
luxury space lounge, designed to 
entice people to be more interested 
in a mission to the Moon” 


Organic body 
The Moonstream's body 
shape is inspired bya _ 
tortoise, a humpback 
whale and a giraffe! 


Propulsion and power 
The study doesn't cover 
how the Moonstream is 
powered. The Moon has 
abundant solar energy but in 
the absence of large panels, 
the Moonstream would probably 
have to be nuclear powered. 


Driving cab 
The driver would be leaning 
forward in a reverse seating 
position, with their head 
in the top of the inclined 
window for a clear view 
forwards and downwards. 
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Central chassis Flexiblespace — Suspension arms 
The body sits on a central On a long trip across These suspension arms , 
chassis that will carry all the Moon every bit would have a high degree of Walking contingency — 
the critical propulsion, of space will have flexibility, being able to flex If the terrain gets really 
power and life support to be made to work vertically, widen the track of difficult, the rover could lock its 
systems, and it also well, and probably for the vehicle, turn individually wheels in place and then walk 
supports the suspension. several different tasks! and lean the wheels. like an insect by alternately 


moving individual suspension 
arms backward and forward. 
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HE SOLAR SYSTEM'S 


CEAN 
WORLDS 


Pack your swimming trunks - the Solar System is much wetter than you think 


Written by Luis Villazon 
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Europa 


, Europa is Jupiter's fourth largest moon and the 
smoothest of all the celestial bodies. There are 
» ©, — 4almost no craters and despite a dense network of 
cracks and ridges covering this moon, none are 
higher or deeper than a few hundred metres. This 


4 *- suggests that Europa’s surface is geologically young 
, and possibly floating on a liquid mantle. The Hubble 
5) Space Telescope has also spotted plumes of water 


vapour spewing 200 kilometres (124 miles) into the 
, air from the south pole: This lends weight to the 
; idea that Europa has a subsurface saltwater ocean 
, with a layer of ice that may be just a few kilometres 
4 thick in places. 
Tidal flexing and friction from the gravitational 
interaction with Jupiter generates enough heat 
to keep the interior ocean liquid but because it is 
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Possible 
Active 


Two times Earth's 


so far from the Sun, the surface remains 

frozen. Europa also has a very thin oxygen © 
atmosphere, generated when radiation splits © 
water molecules in the surface ice. A tiny 

fraction of this could become trapped within 

the ice and eventually would be carried down 

to the subsurface ocean by tectonic subduction. 

A 2007 study at Stanford University, California, 
calculated that it was possible for the oxygen levels 
in Europa's ocean to equal that of Earth's own deep 
seas, which further bolsters Europa’s chances of 
harbouring life. 1 


Polar ice 
cap 


Ganymede ao 
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Ganymede, Jupiter's largest moon, is eight per 
cent larger than Mercury but only half of its mass. 
Such a low density suggests that it should be made 
of equal parts rock and water. In the 1990s, the 
Galileo spacecraft found that Ganymede has its own, 
magnetic field, which means that it must have a 
molten iron core. The heat from this core would be 
enough to melt the ice’ 
and create an enormous 
subterranean ocean. 
This ocean could 
be a 100-kilometre 


41% diameter 
of Earth 


4.9-5.4 AU (778mn km 


or 483mn mi). é (62-mile) thick layer, 

H 4 an sandwiched between an 
sealed se icy crust on the surface 

Trappe d and another layer of ice 


below, which i is held 
‘solid by the enormous 
pressures. Other 


1-6 times Earth's. 


EUROPA 
3,120km 
31mn km? 


100km | 


3bn km? 
: 100% ice 


Ice crust 


Rocky sea floor 


models have suggested that there might be several 
different oceans, arranged in concentric rings | like an 
onion, with different phases of solid i ice separating. 
them. Ganymede's ocean is trapped a long way i ) 
underground, so we don't see any water plumes 
spewing at the surface like on other moons, but 
there are other observations that provide ¢ gree £ 
evidence of its ocean. 

As Ganymede completes its orbit around Jupiter, 
the parent planet's massive magnetic field creates 


_ polar aurorae in Ganymede's thin atmosphere. But’ 


the salt in Ganymede’s seawater makes it electrically 
conductive and this creates magnetic drag, which © 
reduces the amount that the aurorae oscillate 
around Ganymede’s poles. ) 

The Hubble Space Telescope has observed 
Ganymede's aurorae and discovered that the 
oscillations are damped in exactly the way that an 
underground ocean would predict. 
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Callisto is Jupiter's second largest moon, It is almost 
as large as Mercury but one third as massive, which 
means that it is about 50 per cent water. The strange 
thing about Callisto is that the surface is completely 
saturated with craters, with no breaks or smooth 
* plains caused by geological processes below. Not 
only is Callisto geologically dead today, it probably 
always has been. Gravity measurements from the 
Galileo spacecraft show that the internal structure 
hasn't fully separated out into a rock core with a 
pure water/ice mantle. This means that the ice has 
never fully melted during Callisto’s formation. 
Despite this, we know that Callisto does have 
a liquid ocean near the surface. Measurements of 
its interaction with Jupiter's magnetic field show 
that it must have an electrically conducting layer 
at least ten kilometres (6.2 miles) thick just below 
the surface. Callisto orbits too far away from Jupiter 
to receive any significant tidal heating, so for this 
ocean to remain liquid, it must contain something 
besides water to act as antifreeze. A five per cent 
mixture of ‘ammonia would be enough, for example. 
Callisto lies outside Jupiter's main radiation belt and 
has ample water ice on the surface, which makes 
it a good candidate for a future human base. But 
conditions within its underground ocean are much © 
less ‘hospitable. As well as being very cold, the liquid / 
water is sandwiched between two layers oficeso © : 
there is no influx of minerals and only very slow 
heat transfer from the core. 


. 


Hexagonal ice @ — 

é Callisto's crust is made of ice with 
» the same crystalline structure as 

the ice that is common on Earth. 


pe Saltwater ocean @ 
* Just below the crust, 
temperatures may be high — 
enough for a saltwater,ocean j 
at least 10km (6.2mi) deep. _ 


Monoclinic ice @ - 
‘Also known as ‘ice V’, this 
complex crystal form of © 


Size: 38% diameter of Ea 


water only forms at a very Distance from Sun: 
_ narrow pressure range. 4.9-5.4.AU (778mn km or 
; 483mn mi) 
Rock and tetragonal ice @ - Biological potential: Unlikely 
At deeper levels, the rock Type of ocean: Trapped 


hasn't completely separated Ocean volume: Half of Earth's 


from the ice, which now 
exists in the ‘ice VI’, 
tetragonal phase. 


Rock. and cubic ice @ 
At pressures of over 30,000 
atmospheres, the ice is squeezed 
into the more stable ‘ice VII’ phase. 


pik @ Craters 
he / The only surface 
4 features are the 
dense impact craters, 
indicating that Callisto 


is geologically inert. 
Rock and metal core @ prt 


: Some 1,800km (1,118mi) under 
the surface is a solid rock and 
metal core with no water at all. 
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eae New Horizons. 
fe | } to Launched in 2006, the NASA spacecraft. = 
fi made some surprising discoveries at Pluto 


Pluto is too small to have retained enough heat to 


7 * (keep its core molten. Radioactive heating under the - Alice s 
: surface only provides a fiftieth of the energy that An imaging spectrometer ; 
P radiates upwards on Earth. But that's still enough that can scan Pluto's ; 
‘© to melt the lighter elements and allow the heavier atmosphere in wavelengths ; 
silicate minerals to sink. The result is a rocky core extending into the extreme ' 
i 1,700 kilometres (1,056 miles) across, surrounded and far-ultraviolet spectrum. 


by a layer of water and ice 100-180 kilometres (62- 
) 112 miles) thick. Pluto's surface is so cold that it is 


blanketed by snow made of solid nitrogen, methane LO RRI@ 
; and carbon monoxide, but spectrometry data from we Long hate parla? 
; New Horizons suggests the ‘bedrock’ is water ice. eines eee spotourtits 
; Deep in the mantle, the heat from the core could 


: : : features for mapping Pluto. 
be keeping this as a mixture of slush and water. The y * 


heart-shaped Tombaugh Regio is in an area absent . ‘ 

of craters, suggesting the surface is geologically } 
é active. The western half, Sputnik Planitia, lies close 
6, to Pluto's equator, keeping it at a stable temperature. 
6 For millions of years, the nitrogen ice on the surface 


Size: 19% diameter of Earth 
Distance from Sun: 30-49 AU 
(Average: 5.9bn km or 3.67bn mi) 


— 


has been slowly circulating on convection currents Biological potential: Unlikely 3 i Ralphis a high-resolution 

‘, driven by the subterranean ocean. This provides Type of ocean: Active : : ~ visible and infrared imager/ 

", a clue that the water inside Pluto behaves like the Size of ocean: 100-185% of Earth’s ‘ . : spectrometer used to provide 

co molten magma in Earth's mantle. a 6s ~ colour and create thermal maps. 


1. Surface water , ~ | 4. Cracks and fissures 


Infrared spectroscopy from New — If Pluto's ocean had ever frozen 
Horizons’ LEISA instrument reveals — completely solid, the pressure of its own 
J small exposed patches of water ice. it gravity would have compressed it into a 
When this data is superimposed on the * | more compact form of water, known as 
photos of visible terrain from Ralph ‘ | ice ll. In fact, photos of Pluto show the 
F camera, we can see the ice appears in ; | crust is cracking apart, as the still-liquid 
Sos impact craters and deep canyons. } ocean slowly freezes into normal ice. 
J 
¢ 
? ‘, 4 
6 « | 2. Crust made of ice Len Sites ; ee ~ | 3. Subterranean ocean 
Surface water ice isn't visible across SS, eee oe ~ | Pluto's moon Charon is tidally locked so 
most of Pluto's surface as it is covered . —~e ie - _ + itis always on the opposite side of the 
3 with a thin layer of methane and - ? : : NR if western half of Pluto's heart-shaped 
r carbon monoxide. By subtracting these ~ : $ j - region. This could be explained by an 
B compounds from the spectroscopic : : Sah ; A impact crater, which thinned the crust 
/ | signature, scientists have found that ~ ~ , wail and allowed the denser liquid ocean to 
- much of Pluto's bedrock is water ice. * 4S Olea move closer to the surface. 
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Size: 7.4% . 
diameter of Earth 
Distance from * _ 
Sun: 2.0-3.0 AU. 
_ (400mn km or 
249mn mi) 
Biological 
‘potential: 
Unlikely 
Type of ocean: 
Trapped” 
‘Size of ocean: » 
>3% of Earth's 


” 


“A 


“~ 


‘ a 4 ‘ Ved i, 7 Sis 
The Herschel Space Telescope has observed é 
plumes that are ejecting water vapour into space at 
A arate of six ‘kilograms (13.2 pounds) per second. The 
ty * total amount of water in Ceres’ icy mantle is more 
the than all the fresh water on Earth but it’s difficult to 
tell how much of this is liquid. Since Ceres doesn't 
have a large gas giant parent to generate significant 
’ “tidal heating, all of its core energy comes from 
radioactive decay and the proportion of radioactive 
isotopes in the core is currently unknown, : 


‘Triton 

: _ Triton is the largest moon of Neptune. It is 

slightly larger than Pluto and has almost the same 

& composition. It's likely that they were both formed 
in the Kuiper J Belt and later fell deeper into the 

Solar ey stom as a result of the gravitational pull 

of Neptune and Uranus. Neptune gravitationally © 
captured Triton but unusually, the moon has a 
tetrograde orbit - it orbits in the opposite: ‘direction 
‘to Neptune’s.own spin. When it was first captured, 
its initial orbit was very eccentric and this generated, 
‘a lot of tidal heating as Triton flexed andrelaxed «_ 
with each orbit. This heat was enough to melt the 

interior and cause it to separate intoa dense core 
with a liquid water mantle and a solid crust of water 
and nitrogen ice. Once the crust was isolated from 
the core by this.liquid layer, it was free to flex, which 
increased the effect of tidal heating and helped to 
stop the ocean refreezing as Triton’s orbit decayed. 


Pluto J 


VA 7 Sizer 21% Alans Gier of E arth Eventually, after a billion years, Triton's orbit 
y i Distance from Sun: es ’ became circular enough to lose most of its tidal Diane e 6 
, ‘| 30AU(4.5bnkmor2.8bnmi)  ~ heating but it still receives energy from the core’s 
Tp Biological potential: Unlikely radioactive elements. Computer models show Encaladeane 5 
_ | Type of ocean: Active % it would only take a small amount of dissolved 
: : Size of ocean:Unknown —_ impurities in the water, such as ammonia, to lower Mimas e ? 
oO i {= . the freezing point and keep Triton’s ocean liquid. : . 
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, /Mimas . 

¢ Saturn’s moon Mimas may mostly be composed of 
» water ice with a smattering of rock - like a gritty 


snowball. It is only just large enough to be pulled 
9 finto a ounded shape by its own gravity (it’s actually 


slightly ovoid). Unlike its slightly larger cousin = 
Enceladus, there are no visible plumes or geysers 
and it’s surface is very heavily cratered, which 


: cracking or geysers. That doesn't fit in 
with our observations of other moons 
‘\ ~ and dwarf planets around the Solar 
System. But then, current models of — 
‘moon formation also can’t explain 
why Enceladus has a liquid mantle _ 
and Mimas doesn't. |, 


3% diameter. of Earth 
‘ance from Sun: : 9-10 AU 
(1. bn km or (870mn mi) 
al : Unlikely 
of ocean i Traneea 
2 of ocean: Unknown | 


7 4 


. 7 s ? - 4 E ‘ Pe < x 7 
5.Plune@ @4. Vent ae 4 ‘ 
Ence P, | us Water vapour and | _—‘|_ As the ice thins, a narrow a 
ate ice crystals erupt _ vent forms connecting - , 
. : 5 z ’ ) 
, In 2005, NASA's Cassini probe observed plumes foceto escape } the water to the surface. 
. . of water vapour erupting near the south pole of Enceladus ; ‘@3. Pressurised water 
*“ “Saturn's moon, Enceladus. Because the gravity on ; i, The icy crust melts on the 
) , Enceladus is only one percent of Earth’s, the ice a3 underside and the water, 
eh crystals are easily flung into orbit and we now know | becomes pressurised as 


y __ they are responsible for most of the material in J , tt expands. 


, Saturn's E Ring. Enceladus has a rocky core around 
370 kilometres (230 miles) across:surrounded by 
? *  ¢a10-kilometre (28-mile) deep ocean under an icy 
crust. Initially, scientists thought the ocean was only 
present as an underground lake at the south pole, as 


% *. that's where the plumes have all been seen. 
, But measurements of Enceladus’ slight wobble, 
Hy) or libration, show that the rocky core is likely 
; completely detached from the crust. This means © 
8 that the ocean envelopes the moon and probably 
“accounts for 40 per cent of its volume. The reason 
f that the plumes only occur at the south pole is that 
é the surface ice is believed to be much thinner - just 
P five kilometres (3.1 miles) thick, compared with . 


20-45 kilometres (12-28 miles) thick surface across ~ 
» the rest of Enceladus. If this view of the moon were 
correct, Saturn's tidal heating wouldn't be enough 
‘ to explain its liquid ocean. Instead, there may be 


1. Tidal heating 


2 Hot spot @ 


¢ i A Convection currents Gravitational flexing 
5 ‘more geothermal heat coming from the core than produce hot spots and fr riction from 
‘ : bagate 
*, was previously thought. This might help to generate closer to the surface, Saturn generates 
; * hydrothermal upwellings of nutrients and organic - as the magma heat deep within ? 
‘, , molecules, offering hope that life evolved there. _circulates upward. Enceladus’ rocky core. 
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No Dione 
suggests that the crust has remained frozen for ¢ : ; : 
billions of years and doesn't get recycled into the : 9% diameter 
moon's interior. This is odd, because Mimas orbits. ot Earth 
‘closer to Saturn and in a more eccentric orbit, so it % 
should receive much more tidal heating. : / S Ey Au (. peel \ : 
: km or 870mn mi) _ ; 
However, recent analysis of images from Cassini ogical potential: “=o z 
found that Mimas does wobble slightly in its orbit Possible “¢ > ; 
and there are only two theoretical models that é 2 of ocean: Tra pped yy» 
explain this. Either Mimas has a dense, elongated ) Si 2an: 0-118% of. f Earth’ s ocean ‘ Pi 
core that throws it off balance, or it has aliquid — - - — rf 
ocean under the crust that lets the core : 5 ow ‘ Site E>» ¢ : 
move around inside. If Mimas does‘have © saturn S moon Dione could be 50 a cent Was nf 
a liquid ocean, it must be capped with a be witha heavier rocky core. Dione is twice as largeas 4 
very thick, strong crust to prevent any "Enceladus but it has a much less eccentric orbit, s ) ?. : 


_it Teceives less heat from tidal stresses This gives 
amuch thicker frozen crust - ~ some 100 kilometres 
(2 miles) thick. By analysing the variations in 4 
the trajectory of Cassini as it made several | flybys e § 
of Dione between 2011 and 20: oO 
scientists have concluded that th 

| floating on a liquid ocean 35-95 Halemets 
miles) deep. 5 
~ Dione i is heavily 


layers of ice. 
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Titan’ :. ~. 
oi) Rp wg  & 
Titan is unusual because it is the only bodyinthe ~~ 
Solar System, besides Earth, that has a substantial yes a a F 
atmosphere and bodies of surface liquids. Titan's’ ‘ ~ *) oe? 
surface temperature is -180 degrees Celsius (-292 P : 
degrees Fahrenheit), so it's far too cold for liquid 
* water on the surface but it's just about tight ‘ 
~ for liquid as and ethane. These organic ; : ) 
compounds evaporate into the atmosphere and rain , 
down to form rivers, lakes and seas. The lakes and : 
rivers only cover about three per cent of the surface, ) 
._ so Titan is still much drier than Earth. Titan's thick 
- orange haze comes from sooty tholin particles | 
formed when the Sun's ultraviolet light breaks Up ; 
, ye the methane in the atmosphere. This ought to have 
t A used up all the methane on the surface billions of : ‘, 
» years ago, so Titan must have some underground | 


na reservoir that is replenishing it. So far, scientists ore wales i eagh es %; 
a) _ haven't found any strong evidence of cryovolcanoes o ae Arr a pe ene 870mn mi) - a 
_ that could be supplying this methane. ¢ pee BY Biological potential: Hard to say $ ; 
5 9 Like Callisto, Titan may have an ocean thatissey ie Type of ocean: Trapped j 
_-_. kept liquid by the antifreeze effects of dissolved es Size of ocean: 5-13 times Earth's 21s 
- ammonia. tt would be equally hard for life to evolve ~. : ‘o 
3 3 there, as the liquid c ocean is probably sandwiched ei 
¢ between solid, impermeable ice layers. Life might. us J ; eee 
y) have evolved in the hydrocarbon seas on the ‘surface, . P / ) bd 
_ but without access to liquid water, it would have a oF f p : 
very different chemistry to life on Earth, ‘, A : ‘ ch 


LEFT Flooded 

canyons drain 
hydrocarbons ‘ 
into Titan's seas 
and erode the 
canyon walls like S04 
rivers on Earth 


BELOW LEFT ‘ 
Thisradarimage ~~ 
shows a lake of 
methane, ethane . 
and propane, 

the size of Lake yah 
Ontario 


~™ 


Ne 


BELOW Kraken 
Mare is Titan's 
largest sea, with 
asurface area 
larger than the 
Caspian Sea 


é ABOVE Titanis : 
actually quite” 

; dry and many of © 

; "its lakes dry out 

completely for 

some of the year 


ae 
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> 
ABOVE RIGHT 
The Huygens 
‘probe landed in 
the silty bed of 

a dry lake. The 
pebbles are water 
~ ice, smoothed 
by erosion 


pkins University Applied Physics Laboratory; Southwest Research Institute; 
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RIGHT The Ligeia 
i Mare is asea 
of almost pure 
methane, and 
‘parts ofitare | 

. 170m Oe) deep £ 


© Shutterstock; NASA; Johns Ho; 
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YURI GAGARIN 
BECOMESTHEFIRST _... 
HUMANINSPACE ™. *= 


This month marks over five decades eee 
since a Russian cosmonaut made a 
108-minute flight around Earth 


In April 1961, an electrifying announcement was 
made to the world: the Soviet Union had won the 
race to send the first human into space. The historic 
flight of the Vostok 1 craft, which blasted off into orbit 
and completed one lap of Earth, carried on board a 
27-year-old man, Yuri Gagarin. Gagarin flew on 12 
April, crammed into a ‘tin can’ that flew on automatic. 
With nothing to do but savour the experience, 
Gagarin was heaved into space from the Baikonur 
Cosmodrome, Russia, bellowing “Poyekhali!” (“Let's 
go!” in Russian). As Vostok 1 cruised above our planet, 
the cosmonaut looked down on its continents and 
oceans, clouds and mountains, forests and deserts. “I 
see Earth, it is so beautiful!” he exclaimed. 

After almost two hours in space, it was time to ‘ 
return home. But there was a problem; Vostok 1 
consisted of two sections - a tiny crew compartment 
and a cone-shaped equipment module on top. 

They were tethered with cables that were meant 

o break apart when the craft began its descent but 
he attachment remained connected, causing the 
module to smash into Gagarin’s crew compartment. 
Thankfully, re-entry burned through the cables, 
finally separating them. Vostok 1 wasn't designed 

for landing, forcing Gagarin to eject from his seat 
seven kilometres (4.3 miles) from the ground. He 
anded near the village of Smelovka where he met 
two Russians, Anna and Rita Takhtarova. Seeing his 
bright orange flight suit and bulbous helmet, Anna 
supposedly asked, “Can it be that you came from 
space?” Gagarin replied, “As a matter of fact, I have.” 


from the Baikonur 
Cosmodrome on 
12 April 1961 


Vostok 1 launched ’ 
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Andromeda Cslaxy | - 


The closest major galaxy to our own is a complex spiral containing up to 1 trillion stars ~*~ 


The Andromeda Galaxy is famously the most 
distant object visible to the naked eye from 
Earth - a cloud of stars so far away that its light 
takes 2.5 million years to reach us, but so big 
and bright that its nucleus still appears to our 
eyes as a smudge of light that resembles a star. 
Known since ancient times, it takes its name 
from its home constellation of Andromeda 
(The Princess), and is often known simply as 
Andromeda. It is also known as Messier 31, or 
M31, from its designation in French astronomer 
Charles Messier's famous catalogue of non- 
stellar objects in the sky. . 


How to get there 


3. Time dilation @ 
As the craft approaches light- 
speed and crosses intergalactic 
space, the curious effects of 
general relativity begin to take _ 
hold - from the point of view of 
Earth, time forthe spacecraft and 
its crew slows down to a crawl. 


@ 2. The ultimate slingshot 
The crew would spend most 
of the voyage in suspended 


and black holes to pick up speed. 


e 1. Leaving Earth 
Any mission to 

. Andromeda would rely on : 
unimaginably advanced 
technology, but it would’ 
still begin with a spacecraft - * 

: assembled i Earth orbit. 


. to the future~ 
After more than 2.5mn 

* years, the craft reaches 

Andromeda and the crew 
is revived. Thanks to time 


animation. To reach near light- See : : . vr, 

speed, thejvehicle would rely on dilation,.the craft and its. |» : : 
advanced propulsion anda series » crew may “only” have aged SMe Tene 
of slingshots past planets, stars bya few thousand years. , oe 


M31 is the largest member. of the Local Group 
of galaxies, with a diameter of about 220;000 
light years. It has about twice the mass of the 
Milky-Way and two and a half timesyas many 
stars (1 trillion or a thousand billion, compared 
to the Milky Way's estimated 400 billion). 

Like the Milky Way, it is a spiral system with a 
long bar running across its central nucleus as 
seen from Earth (although the bar is not easily 
spotted in visible light and was only discovered 
through infrared surveys). Seen from a distance, 
its most prominent features are dark lanes of 
dust that wrap themselves across the front of 


® 5. Room to explore 
With 1 trillion stars to 
choose from, the main * 
problem for a spacecraft 
mission to Andromeda 
would be picking where 
to visit first! 


‘and wrap their way around each * . . 


the apes 


the galaxy's bright central hub.’As An@romeday 
happens to bé tilted at only ashallow angle to 


our point of view, the’exact structure of the , a 
arms is difficult to trace; studies ofoth the . ° ea SARE 
dust lanes and the hydrogen- -tich regions of star 

formation lead most astronomers to conclude + ~ ieee. ok 


Andromeda has'two major spiral arms. eae a *: i 
They emegge from either end of the bar 


other.before dissolving into a- © 
diffuse halo of stars about. -* — oi : 
50,000 light years from ees a 


: . ; . f Bt ‘ * ae *.. . 9 re q ; 3 - ? . 
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er BS: toe 2 ” The centre ‘of Andromeda is 2.5 million 
" * "lie. = light years from Earth across a vast. gulf 


: " of intergalactic space. But the galaxy’'s 
. - Fe & 7 
Pe gy ET gravity is so huge that you would 
~~: ** «encounter its outermost’ objects’ ‘after 
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The Local 
* Group 


Andromeda’Galaxy 

sits at the heart of one + 

concentration of galaxies 

~within the Local Group, 

, with the Milky Way 

marking the other core. 

gilt ® Together, the gravity 

Andromeda of these two galaxies 

/ e : dominates a roughly 

dumbbell-shaped region 

é , of space about 10 million 

« light years wide, which 

merges into neighbouring 

galaxy groups at.ifs edges 

and forms just one small 

“part of the Laniakea 

; supercluster. 
* ae 
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Top sights to see in Andromeda 


Although the Andromeda Galaxy is too far away to 
have been mapped in detail, some of its key features 
are unmistakable even at a distance of 2.5 million 
light years. M31 exerts a powerful gravitational 
influence over its surroundings and has drawn 
numerous smaller galaxies into orbit around it, the 
most prominent of which, designated M32 and M110, 
are unusual ‘dwarf elliptical’ galaxies - compact balls 
containing many millions of stars in a region just a 
few thousand light years across. The gravity of these 
orbiting companions is thought to disrupt the orbits 
of gas, dust and stars in M31's extended disc, creating 
distortions in the galaxy’s spiral pattern. 

Most of Andromeda’'s other companion galaxies 
are much fainter and smaller than the two dwarf 


Double nucleus 

Hubble Space Telescope images reveal that 
Andromeda has a curious “double core”. The central 
black hole is surrounded by a dense cluster of young 
blue stars, themselves embedded in a much larger 
halo of older red ones. 


ellipticals, but there's one possible exception - the 
Triangulum Galaxy (M33) is the third spiral in our 
Local Group, much smaller than either the Milky 
Way or M31, and just 750,000 light years from 
Andromeda. Astronomers still aren't certain whether 
the smaller galaxy is trapped in orbit, but in 2012 
they found evidence that the two spirals had a close 
encounter in the past - they are still linked by a 
bridge of hydrogen gas that was torn away as the 
galaxies passed each other billions of years ago. 

The brightest single feature within the galaxy 
itself today is a distinct cloud of stars catalogued as 
NGC 206. Rich in massive, short-lived blue stars, this 
is a so-called ‘OB association’ - a loose star cluster 
old enough to have shrugged off the nebula from 


NGC 206 

This bright OB association contains stars that 
formed around 50 million years ago, including 
unstable Cepheid variables, whose flickering 
allows astronomers to measure the distance to the 
Andromeda Galaxy. 


which it was born, and now in the process of gradual 
disintegration. In 1885, however, Andromeda was 
home to one of the closest extragalactic supernovae 
ever witnessed - a rare stellar explosion so bright 

that it briefly became visible to the naked eye 

despite its immense distance. Sadly, the remnant of 
‘S Andromedae’ as it became known, is hard to find 
because it happened close to the bright central hub, 
but it’s inevitable that another star in Andromeda will 
one day explode and provide a spectacular sight. 

A final highlight lies at the heart of Andromeda's 
galactic bulge. Here, amid billions of ageing red and 
yellow stars lies a central supermassive black hole, 
which is joined by at least seven more black holes 
within 1,000 light years of the centre. 


Mayall II 

The largest of M31's orbiting globular clusters, Mayall 
ll is in fact the brightest star cluster in the entire Local 
Group - so big that some astronomers suspect it may 
be the surviving core of a galaxy whose other stars 
have been stripped away by Andromeda's gravity. 


. * 


. . 
Extended halo 
” : : * Andromeda is 


aay : surrounded by a halo 


. of stars and globular 


, _Clusters that Stretches - 
much further than the . , 


halo around our own 


* a distance of 500,000 


light years from the core. - 
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Andromeda Galaxy 


Andromeda‘ s fate 


Although 2.5 million light years is a apy 1 Te A a : 
huge distance in everyday terms, it's : = B 
actually relatively small compared 
to the sizes of the Milky Way and 
‘Andromeda galaxies. As a result, 

’ the gravity of the two galaxies is _ 

' drawing them towards each other 
-on a collision course. About 4 billion 
years from now, M31 and the Milky 
’ “Way will come together at the start \. 
of a process that will eventually see 

them merge and coalesce. 


"Andromeda and the Milky Ware are 
~’ approaching each other at a speed 
2 of 400,000km/h (248,550mph). - 


Andromeda in numbers 


CdaIS 


Number of satellite galaxies 
so far discovered orbiting the 
Andromeda Galaxy 


400 000km/h 


Speed with which C4 and the Milky Way are approaching each other 
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. - a littered Earth orbit is more urgent than ever | 
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Conquering space junk 


Overcast skies greeted the residents of Esperance, 
Australia, on 12 July 1979. This town of 15,000, 
some 700 kilometres (435 miles) southeast of Perth, on STS-7. One window 
was renowned for its swimming, surfing and scuba } \ v stiffered a debris impact 
diving, as well as Australia's whitest beaches. Yet the , 
night's cloudiness cleared in time for the arrival of 
a piece of junk from space. And not just any piece 
of junk. A blinding sheet of flame and a deafening 
string of sonic booms heralded its arrival. Fragments 
tore away from the object as it plunged Earthward. 
Over the following days, hundreds of pieces of debris 
were retrieved from the shores of the Southern 
Ocean and from rooftops and backyards. These 
ran the gamut from bits of foam to a 45-kilogram 
(100-pound) hatch and a car-sized oxygen tank. 
Miraculously, no one was hurt, for Esperance had just 
witnessed the fiery re-entry of America’s Skylab. 

‘Space junk’ is the term used for defunct 
human-made objects in space, including old 
satellites, discarded rocket stages and detritus from 
disintegration, erosion and collision. Since the first 
satellite, Sputnik, was launched in 1957, the amount 
of space junk has grown exponentially. According to 
NASA's Orbital Debris Program Office, there are over “ . . 
170 million bits of junk smaller than ten millimetres AS well dS remnants i TOIT) old TYSSIONS, 
(0.4 inches), a further 670,000 smaller than ten : : : 
centimetres (four inches) and 29,000 ‘larger’ ones. SPdaCe junk contributors include frozen 

t 


By 2016, the US Strategic Command tracked 17,700 


human-made objects, of which only 1400 were coolant, paint f lecks and even obj ects lost 


Astronaut Sally Ride floats 
near Challenger's windows 


functioning satellites. Sixty years after Sputnik, the " 
remainder is an Earth-girdling mass so enormous OF abandoned by astronauts 
that, below an altitude of 1,930 kilometres (1,200 
miles), its density is greater than naturally occurring station, have been dumped into an uninhabited strewn across Texas, surprising a dentist in the city of 
micrometeoroids. As well as remnants from old stretch of the southern Pacific Ocean since 1971. Nacogdoches when a metal bracket crashed through 
missions, space junk contributors include frozen Others have met less desirable ends. In 1997, Lottie his office ceiling. More recently in 2007, re-entering 
coolant, paint flecks and even objects lost or Williams was hit on the shoulder by a 12.7-centimetre debris from a Russian military satellite passed within 
abandoned by astronauts: a glove, a camera, a rubbish (five-inch) chunk of metal - possibly from a Delta II eight kilometres (five miles) of an Airbus A340 craft, 
bag and a toothbrush. And travelling at several rocket’s second stage - as she walked in an Oklahoma carrying 270 passengers on a trans-Pacific route. 
kilometres per second, there is a real risk that these park. She was uninjured. Four years later, a Delta Yet space junk has proven detrimental to life in 
seemingly innocuous objects could spell disaster. II upper stage motor crashed in the Saudi Arabian space too. In June 1983, a 2.5-millimetre (O.1-inch) 

A lot of space junk has re-entered the atmosphere. desert. Again, there were no injuries. The tragic loss pit was left in one of Shuttle Challenger's windows, 
Over 260 satellites, including Russia's Mir space of Shuttle Columbia in 2003 left a field of space junk caused by a paint fleck moving at 6.4 kilometres (four 


Le The near-Earth environment has gone from 
How cluttered IS It up there? one kid on the block to a littered neighbourhood 


1957 1992 2017 


Amount of space debris: Two objects, plus Amount of space debris: More than 5,000 Amount of space debris: Over 21,000 tracked 
rocket stage debris tracked objects objects, although total figure extends into millions 
Launched in October and November 1957, Russia's Anti-satellite tests in the 1960s, as well as rocket The 2007 Chinese missile test and the 2009 
Sputnik 1 and 2 were the first artificial satellites. explosions, left a significant amount of debris in collision produced thousands of fragments 
Within weeks, both satellites’ batteries had orbit. Damage to crewed spacecraft, including of space junk, accounting for 36 per cent of 
expired and they were de-orbited in early 1958. Apollo and the Shuttle, increased in frequency. catalogued objects in low-Earth orbit. 
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miles) per second. Eight years later, Discovery was “Cle anS at re quires all energy stores to be 


forced to dodge Russia's out-of-service Kosmos-955 


satellite. In 2002, debris lodged in Columbia's coolant depleted Vi a robust venting systems as a 


oop threatened an emergency return to Earth. And 


a 2.5-millimetre (O.1-inch) ding was sustained by S atellite appro aches its end- of-life” 


Atlantis’ radiator in 2006, as space junk continued to 
plague the Shuttle until the end of its career. 

Most spacecraft are protected by ‘Whipple shields’, have been necessary and on three occasions the respective orbits to such an extent that the risk of a 
named after US astronomer Fred Whipple. These threat required the crew to shelter inside the Soyuz collision with Shuttle Atlantis’ mission to the Hubble 
hin, lightweight ‘bumpers’ stand apart from the hull escape craft. Since the Russian half of the station is Space Telescope in 2009 was heightened. 
and shock incoming particles, vaporising them into furthest from the direction of travel, it offers a better Even today, thousands of fragments from these 
plasma and spreading their impulse over a wide area safe haven and its carbon plastic and aluminium incidents remain in orbit. Since 2002, the US Federal 
o leave them diffused. Around 100 variations of the honeycomb shielding is thought to reduce the Communications Commission has required end- 
shielding exist on the International Space Station likelihood of a puncture by 50 per cent. of-life geostationary satellites to raise their altitude 
(ISS), strengthened by woven Kevlar and Nextel Space junk poses an elevated risk, from by 257 kilometres (160 miles) and enter ‘graveyard 
aluminium oxide fibre. Although they guard against sandblasting solar arrays to the outright destruction orbits’. In a similar vein, Europe's CleanSat initiative 
objects travelling below 28 kilometres (11.2 miles) per of a spacecraft. In 2007, a Chinese ballistic missile equires satellites to vacate orbits below 1,930 
second, relentless low-mass impacts on Mir's sola intentionally destroyed the polar-orbiting Fengyun- kilometres (1,200 miles) within 25 years, reducing 
arrays left them yellowed and pockmarked. 1C weather satellite, while in 2009 the operational heir impact on low-Earth orbit environments. The 

The ISS has suffered similar scarring in the form Iridium-33 communications satellite and the defunct orbit of France's Spot-1 satellite was lowered from 822 
of chipped windows, dented radiators and degraded Kosmos-2251 satellite collided head-on. These kilometres (510 miles) to 547 kilometres (340 miles), 
solar arrays. Several debris avoidance manoeuvres incidents increased the amount of debris in their educing its re-entry from 200 years to just 15 years. 


Who's contributing the junk? $i. bony countries have 
‘ial Orbiting space debris >10cm (4in) diameter : added ie) the problem 


: an ice & Germany 2 
France 1 Germany 10 |18 


United Kingdom 10 | >~<e- Oe apa <a at 
Netherlands 5 ae Norway 2 | 2 
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a Orbiting dysfunctional satellites 
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Danger zone: historic problems with space debris 


Dodging forgotten satellites to recovering radioactive debris, space junk endangers life on Earth and in space 


ISS debris event 
Remarkably, the ISS Cupola 
- which provides a unique, 
seven-window observation 
deck - has sustained little 
damage from space junk 
since its arrival in 2010. 
Although the windows have 
retractable shutters, the 
fused silica and borosilicate 
glass has suffered several 
chips and dents, first in 
2012 and recently in 2016. 
British astronaut Tim 

Peake photographed a 
6.4-millimetre (0.25-inch) 
depression, likely caused by 
a paint fleck or a shard of 
metal. “Glad it’s quadruple- 
glazed,” he quipped. 
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STS-48 debris manoeuvre 

In September 1991, the crew of Shuttle Discovery were 
forced to perform the first Collision Avoidance Manoeuvre 
(COLA), when it became apparent that the Soviet Union's 
Kosmos-955 satellite might pass within 1.1 kilometres (0.7 
miles) of their position. The Shuttle's thrusters fired for 
seven seconds, creating a wider separation distance of 16 
kilometres (ten miles) from the car-sized satellite. “I didn't 
look out the window to see if | could see the intruder go 
by,” said STS-48 astronaut Ken Reightler. “I just wanted to 
make sure we didn’t make the news back home!” 


Kosmos-954 incident 
Avnuclear-powered Soviet reconnaissance satellite 


deviated from its orbit and re-entered the atmosphere 


over Canada on 24 January 1978, depositing 


radioactive debris over 124,300 square kilometres 


(48,000 
- Li 


within . The incident led to the Soviets paying 
Canada $3 million (£2.4 million) in compensation. 


Chinese anti-satellite test 

In a troubling incident, China launched 
a ballistic missile on 11 January 2007, 
intentionally destroying the ageing 
Fengyun-1C weather satellite at an 
altitude of 853 kilometres (530 miles). 
Although the US and the Soviet Union 
had previously performed anti-satellite 
tests, this event was a significant 
space junk contributor, leaving 2,800 
fragments larger than a golf ball and 
150,000 particulates. In April 2011, 
Russia's BLITS satellite was hit by 
debris from the test. Today, 85 per 
cent of the debris remains in orbit. 


Iridium-33/Kosmos-2251 collision 

Some 804 kilometres (500 miles) above Siberia, on 10 February 
2009, the operational Iridium-33 satellite impacted Russia's out- 
of-service Kosmos-2251 satellite at 10 kilometres (6.2 miles) per 
second. In an event whose probability was one in 50 million, both 
were destroyed in the first-ever accidental satellite collision. Over 
1,000 fragments larger than ten centimetres (four inches) were 
generated and Shuttle Atlantis’ 2009 visit to the Hubble Space 
Telescope was at risk. With Fengyun-1C, they represent 36 per cent 
of all catalogued debris in low-Earth orbit and a small piece of junk 
passed within 14 kilometres (nine miles) of the ISS in 2012. 
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Space junk protection (""" 


Despite the nature of the problem, a vanguard of ¥ 
missions stand ready to tackle space junk ane 


In January 2017, a 0.8-kilometre 
(0.5-mile) metal tether built by the 
Japanese Aerospace Exploration 
Agency and a fishing-net 
manufacturer awaited deployment 
from the H-II Transfer Vehicle. 
Known as the Kounotori Integrated 
Tether Experiment (KITE), it was 
meant to evaluate the capability to 
support electric currents and slow 
down and de-orbit debris. Sadly, 
problems with deployment led to its 
cancellation, but KITE showed great 
promise for ‘propellant-less' active 
removal of space junk. 


Laser broom 

Intended to alter the orbit of space junk and induce re-entry, the use of a ground-based 
‘laser broom’ was investigated by the US Air Force in the 1990s as part of Project Orion. 
It would impose sufficient thrust on the target to increase atmospheric drag. A 2011 
NASA study indicated that repeated high-power laser impingements could alter the 
course of a piece of debris by ten millimetres (0.4 inches) per second, causing it to 
re-enter the atmosphere or be prevented from hitting another craft. Conversely though, 
it has been argued that laser brooms risk fragmenting debris into smaller pieces. 


ESA & eanSpace-1 and e.Deorbit 


Under development by Switzerland and the European Space Agency (ESA), 
CleanSpace One and e.Deorbit aim to capture defunct satellites, collapsing conical 
‘nets’ around them. Launching in 2018, the former will pluck the SwissCube satellite 
from orbit, while the latter will remove a derelict polar-orbiting satellite in 2023. 
Both missions will employ high-dynamic-range rendezvous cameras, propulsion 
assets and real-time imaging software. Mechanised claws were considered for 
CleanSpace One, but since SwissCube may be spinning, a student-designed net was 
adopted. A similar approach, combined with robotic ‘tentacles’, was also advanced 
for e.Deorbit. The satellites and their ensnared prey would burn up during re-entry. 


Switzerland 
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Of course, rockets as well as satellites can cause 
problems. In July 1996, fragments from an Ariane 
upper stage, which had exploded a decade earlier, 
crippled the French Cerise satellite. Releasing residual 
propellants from upper stages (‘passivation’) has been 
shown to lessen the chance of explosions; improper 
passivation accounts for 40 per cent of all space 
junk. CleanSat requires all energy stores, including 
propellants and batteries, to be depleted via robust 
venting systems as a satellite approaches end-of-life. 

Other techniques for slowing down and removing 
space junk include ‘sails’ and electrodynamic 
tethers. In January 2017, Japan's H-II Transfer Vehicle 
prepared to deploy a 0.8-kilometre (0.5-mile) long 
tether. Attached to one end was a 20-kilogram (44- 
pound) end-mass and the intent was to evaluate the 
ability to drive electric currents for future propulsion 
and demonstrate a ‘propellant-less’ means of 
disposing debris. Sadly, difficulties were encountered 
with the tether and the test was cancelled. 

For all the future-focused work, there remains 
the conundrum of what to do with space junk that 
is already there. In the 1970s, NASA astrophysicist 
Donald Kessler postulated that collisions would 
increase as the density of junk accumulates in orbit. 
His ‘Kessler Syndrome’ would generate a runaway 
chain reaction of collisions, increasing the cost of 
protecting craft and potentially damaging functional 
craft. Kessler argued that high-orbiting missions 
would cause debris to ‘rain’ down, leaving low-Earth 
orbit increasingly hostile for future operations. 
Despite this gloomy outlook, a raft of options to 
deal with existing junk have been proposed. One 
is a ground-based, multi-megawatt ‘laser broom’, 
using beam impingement on debris to alter their 
orbital eccentricity, reduce their perigee to 193 
kilometres (120 miles) and cause them to burn up 
in the atmosphere. Investigated in the 1990s as part 
of Project Orion, laser brooms were considered for 
the ISS, potentially clearing low-Earth orbit of junk 
smaller than ten centimetres (four inches) within 
a few years. However, international agreements 
banning powerful lasers in space have prevented this. 

Others include CleanSpace One, which could be 
launched in 2018 to capture the SwissCube satellite 
for disposal. Original plans called for grappling it with 
a mechanised claw, but due to the spinning nature of 
SwissCube, it was deemed more effective to employ 
a conical ‘net’, which would be collapsed around the 
satellite. Both spacecraft would be destroyed during 
re-entry. A related concept is Europe's e.Deorbit, 
planned for 2023 to capture a non-responsive satellite 
with nets or mechanical tentacles. 

Some 60 years after Sputnik, space junk remains 
a major difficulty. In 2016, Europe's Sentinel-1A 
communications satellite was hit by a tiny piece of 
debris, triggering a slight power reduction, while in 
2017 one of the Swarm satellites narrowly avoided 
remnants of Russia's Kosmos-375 satellite. The latter 
had been destroyed in orbit four decades earlier and 
had threatened the ISS and Shuttle Atlantis in 2011. 
But of all the long-dead satellites up there, spare a 
hought for Vanguard-1. Launched in 1958, it is the 
oldest piece of junk in orbit and will remain there for 
200 years. Since its launch, thousands of others have 
eft their remains circling Earth and contributed to a 
problem that shows no sign of being resolved. 
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The effect ofa 
collision and debris 
on Mir's solar arrays, 
after a decade in orbit 


“High-orbiting missions would cause debris 
to ‘rain’ down, leaving low-Earth orbit 
increasingly hostile for future operations" 
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Progress approaches 

Watching the Progress freighter coming in on the video 
monitor, Mir Commander Vasily Tsibliev did not realise that it 
was picking up speed and approaching Mir too quickly. The 
resupply craft was on a course for collision. 


Progress-Mir collision 

Aleksandr Lazutkin saw Progress approaching and 
sounded the alarm before it collided with the Spektr module. 
The pressure started to fall and the three men had to work 
rapidly to seal off the damaged part of the station. 
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Braking rockets fired 

Tsibliev fired the on-board braking rockets to slow 
Progress down, but they were small and weak and there was 
not enough time to slow down before the freighter reached 
the hull of the space station. 


Mir in a spin 

The collision set Mir spinning, stopping light from 
reaching the solar panels. Using maths and an old sailing 
technique, Michael Foale provided estimates for ground 
control to calculate the thrust required to correct the spin. 


Make contact: @ @spaceanswers f /AllAboutSpaceMagazine @ space@spaceanswers.com 
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Is there a common type of galaxy in the universe? 


‘ e Se - —_7= 
Lenticular 8 kh VS, 
galaxies > 
These intermediate 
galaxies exist between the 
spiral and elliptical types. 
They have.a bulge but no 


Elliptical 
galaxies 

Often with the 
appearance of a squashed 
ball, elliptical galaxies are 
the most common: shape 


Sb . Sc 


of galaxy in the universe. spiral structure to speak of. — ¢q Sa Spiral galaxies 
; The spiral galaxy consists of.a flat rotating 
— Se ar disc of stars, gas and dust, as well‘as a central 
, concentration of stars known as the bulge. Spiral 
EO E3 E5 E7. SB galaxies can be found to have a bar, which appears 
a 


to lace through the centre and link the arms. 


Janet Bannister 
When people picture the swirling 
collections of stars and dust that we 
call galaxies, they usually picture 
a majestic spiral, much like the 
iconic Whirlpool Galaxy, which rests 
millions of light years away in the 
constellation of Canes Venatici. But 
galaxies come in all shapes and sizes, 
and spiral galaxies are byno means: « 
- the most common. Galaxies also 
appear as giant ellipticals or oddly | 


SBc 
shaped irregulars but the most 
prevalent type-of galaxy in the 
universe is the humble dwarf 
galaxy. A dwarf galaxy may look 
like an elliptical or irregular galaxy, 
but instead of containing 100 billion 
stars or more, it may only contain 

1 billion stars or less. These dwarf 
galaxies are often found circling other 
larger galaxies; much like the Moon 
orbits our Earth. TM 


‘SgrA* 


Sagittarius A* is the supermassive black 
hole in the centre of our Milky Way 


Can I see the effects 
of a black hole with 
my telescope? 


John Cope 

It depends on your telescope's size 
and capabilities. With an amateur 
telescope, no, as black holes are too 
small, too far away and don't emit any 
light. However, they do leave their 
mark on their surroundings in other 
telltale ways. Space telescopes like 
Hubble have confirmed the presence 
of black holes by looking at the speeds 
of stars zooming around them, or 

by looking at the discs of gas falling 
into them that glow so hot they emit 
X-rays. A new project called the Event 


In one scenario, Jupiter 
could acquire a thick 
ring from Saturn 


#e SOLAR SYSTEM 


If Saturn and Jupiter collided, 
would they become one planet? 


Adam Kane 

The results of this scenario would 
depend entirely on how they collided. 
If the two objects smashed into each 
other they would experience a large 
amount of disruption, spreading 
material around the local vicinity. 
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Some of this material could coalesce 
into a resultant object that could 
qualify as a planet. This coalescing 
scenario would be more likely if the 
planets merged together slowly. So, 

it is possible that we may have one 
larger object left. However, on average, 


Jupiter and Saturn are 650 million 
kilometres (403 million miles) apart, 
and so for them to collide/merge, some 
major Solar System shifts would need 
to happen. This means that it is likely 
the product of their collision would be 
the least of our worries. SA 


Horizon Telescope (EHT) aims to be 
the first to directly image the edge 

of the black hole in the centre of our 
Milky Way, Sagittarius A*. EHT will 
combine data from 12 radio telescopes 
that can peer to the edge of our 
nearest black hole. TM 


Light reflects off 
astronaut suits, Earth 
and the ISS, which 
makes the background 


4 DEEP SPACE 


s4_ SPACE EXPLORATION 


Why aren't the 
stars visible 

in pictures of 
astronauts on 
spacewalks? 


Duncan Sandford 

That's a good observation! Typically, 
ars are not visible in photographs 

f astronauts on spacewalks because 
he light reflected off astronaut suits, 
he International Space Station, and 
ven the Earth is so bright that it 
rowns out the dimmer light of the 
ackground stars. This is similar to 
ying to see the night sky stars from 
he middle of a city on Earth - the 
ighter lights from the buildings 
own out the stars. But don't worry; 
he stars are still there! 

Astronauts often photograph the 
night sky away from the Sun's glare, 
and with the right exposure settings 
on their camera, some stunning, 
crystal-clear starscapes can be 
captured from space. TM 
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The hottest place in the universe is 
around 300,000,000°C 


Where is the hottest 
place in the universe? 


Lionel Banks 

Discovered in 2009, the hottest place 

in the universe is a huge cloud of 

e gas at the centre of two colliding 
swarms of galaxies that reside in the 
constellation of Virgo. The gas here 
reaches an astonishing 300 million 
degrees Celsius (540 million degrees 
Fahrenheit). This is much hotter than 
any gases previously seen, including 
the centre of stars, which ‘only’ reach a 
few tens of millions of degrees Celsius. 

The best guess to explain this may 

be the speed that these clouds are 

colliding. Estimated measurements put 

the speed at around 4,023 kilometres 

(2,500 miles) per second, making 

this one of the most violent events in 

terms of energy witnessed since the 

Big Bang. JB 


a 


~ © The Big Bang was a violent 

° event that kick-started the 
/ birth of the universe some 
_ 13.72bn years ago 


Could another universe have 
existed before the Big Bang? 


Bill Harrison 


We currently have very little idea 
about where the universe came 
from or what preceded it. Even our 
best technology can only start to 
probe the early universe, and our 
best telescopes can only look back 


Allianz Arena, Munich 
The home of FC Bayern Munich 
is a big structure at 50m (164ft) 
but it is smaller than the E-ELT. 
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that moment of creation. Until we 
understand that event it may be 
difficult, even impossible, to consider 
what was there before the Big Bang. 
As a result, there are many theories 
but as it currently stands we can still 
only guess. JB 


to around 300,000 years after the 
Big Bang. The Large Hadron Collider 
at CERN can improve on this and 
can give us an idea about what was 
happening a microsecond or so after 
the birth of our universe. This is 
as Close as we can currently get to 


® The Pyramids, Giza 
While the E-ELT is a huge 
structure, the Great 
Pyramid dwarfs it at an 
impressive 139m (456ft). 


#2 SOLAR SYSTEM 


The Apollo missions to the Moon were 
very risky 


Why doesn't NASA 
take more risks in 
sending astronauts 
to other worlds? 


James Watren 

In recent times, we seem to approach 
risks more carefully. It is probable that 
missions like the Apollo programme 
would struggle to go ahead as they 
are perceived as too risky. In the 
1960s there was a huge drive to push 
forward and as a result, people were 
probably willing to take more risks. As 
the drive has diminished so has our 
willingness to take a chance. While we 
have endeavoured to make spaceflight 
as safe as possible, this has no doubt 
slowed our progress. If we wish to 
progress more rapidly, a different 
approach to risk may be needed. 
However, this may not be an easy 
sentiment to convince people of. JB 


Comet 67P was investigated by the 
Rosetta orbiter and Philae lander 


Can space rocks become comets? 


Stephanie Cull 

Comets are a type of space rock, 
and how we categorise space rocks 
depends on their composition. 
Comets are commonly known as 
dirty snowballs and tend to contain 


a lot of ice. They often consist of a 
large proportion of rock and debris 
like other space rocks but this is also 
supplemented by organic material, 
as well as small pieces of high 
temperature material. Missions such 


as Rosetta have investigated these 
objects and given us a great deal of 
information about them. Other space 
rocks that are common are asteroids, 
which contain more rock, debris and 
metallic materials and less frozen 
material than comets. Between 

Mars and Jupiter has the highest 
concentration of asteroids. After an 
impact, asteroid shards can shoot 
towards Earth and become meteors as 
they enter our atmosphere. SA 
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Anna Watts 


Buoyed by the success of their Sputnik satellites, 
OW i ; i d ; | S at C1 Td the USSR set its sights on the Moon; Luna 1 blasted 
off on 2 January 1959. It was due to smack into the 


Moon, collecting data until impact, and would be the 
first object to touch another world. However, Luna 1 
ave eCX)p OTe e missed, passing 6,000 kilometres (3,728 miles) away 
and instead became the first spacecraft to leave 
? Earth for solar orbit; and it must still be out there. 
So al Ste [ I l This was just the start. After Luna 1's adventure, 
e Luna 2 made the first contact with the Moon in 


September 1959, Luna 9 made the first soft landing 


Since 19 59, humans have sent many probes in 1966, and Luna 10 became the first lunar satellite. 


The US soon caught up with their Surveyor and 


into space to investigate the planets Lunar Orbiter missions. Solar probes got going 


The Moon 
54 


STEREO 9P/Tempel 
2 


67P/C-G 
2 


Borrelly 
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early too, with NASA's Pioneers 5 to 9 all observing 
the Sun from 1960-69; but the probes that have 
captured imaginations are the planetary missions. 
NASA was the first to visit another planet 
when Mariner 2 flew by Venus in 1962. It was still 
uncertain as to whether Venus might be Earth-like 
under its clouds but as more missions observed it, 
the planet was found to be hellishly hot, with high 
pressure and acid rain. Venus became a focus for the 
USSR with eight Venera missions landing between 
1970-82; but in such extreme conditions the longest 
surviving probe (Venera 13) only transmitted for 127 
minutes. NASA was the first to reach Mars too, when 
Mariner 4 flew past in 1965 and sent back the first 
close-up pictures; Mars has since hosted 15 NASA 
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missions, including the first successful landing with 
Mars 3 and the formidable trio of 21st century rovers, 
named Spirit, Opportunity and Curiosity. 

After the Space Race, ESA began to launch probes 
too. Their successes have been in the long-lasting 
planetary observation satellites Mars and Venus 
Express; providing the Huygens lander that touched 
down on Titan; and Rosetta and its Philae lander 
catching Comet 67P. Indeed, all the major launch- 
capable nations have now contributed independent 
missions beyond Earth; Japan has sent probes to the 
Moon, Venus and asteroids; India has placed orbiters 
into lunar and Martian orbit; and although China has 
yet to reach Mars, their Yutu mission in 2013 was 
the first rover on the Moon for 40 years. RH 
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Comet 41P/Tuttle- 
Giacobini-Kresak 
reaches magnitude 
7.9 in Draco 


16 6@ ! 


Close approach of 

the Moon and Saturn, 
passing within 3°13' of 
each other in Sagittarius 


ac 5 


Conjunction between 
Mercury and Uranus, 
passing within 0°08’ 
of each other in Pisces 


10 


Conjunction between the 
Moon and Makemake at 
a separation of 27°48’ in 
Virgo & Coma Berenices 


12 


Conjunction between the 
Moon and dwarf planet 
Haumea at a separation of 
25°40' in Virgo & Bodtes 


18 


Conjunction between 
the Moon and Pluto 
at a separation of 
2°33' in Sagittarius 


<—\} Naked eye 
A® Binoculars 
"} Small telescope 


--} Medium telescope 


“> Large telescope 
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Jargon buster 


Conjunction 

This is an alignment of 
objects at the same celestial 
longitude. The conjunction 
of the Moon and the planets 
is determined with reference 
to the Sun. A planet is in 
conjunction with the Sun 
when it and Earth are aligned 
on opposite sides of the Sun. 


Right Ascension (RA) 
Right Ascension is to the 
sky what longitude is to 


the surface of the Earth, 
corresponding to east 

and west directions. It is 
measured in hours, minutes 
and seconds since, as the 
Earth rotates on its axis, we 
see different parts of the sky 
throughout the night. 


Greatest elongation 
This is when the inner 
planets, Mercury and Venus, 
are at their maximum 
distance from the Sun. During 
greatest elongation, the inner 
planets can be observed as 
bright evening stars during 
greatest eastern elongations 
and as morning stars during 
western elongations. 


+ 


Declination (Dec) 
Declination tells you how 
high an object will rise in the 
sky. Like Earth's latitude, Dec 
measures north and south. 
It's measured in degrees, 
arcminutes and arcseconds. 
There are 60 arcseconds in 
an arcminute and there are 
60 arcminutes in a degree. 


Magnitude 

An object's magnitude 

tells you how bright it is 

from Earth. In astronomy, 
magnitudes are represented 
on a numbered scale. The 
lower the number, the 
brighter the object will be. So, 
an object with a magnitude 
of -1is brighter than an object 
with a magnitude of +2. 


Opposition 

This is when a celestial body 
is in line with the Earth and 
the Sun. During opposition, 
an object is visible for the 
whole night, rising at sunset 
and setting at sunrise. At this 
point in its orbit, the celestial 
object is closest to Earth, 
making it appear bigger and 
brighter in the sky. 
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- BRIAN & DARA REVEAL 
LIIMATE 


on our screens, 
you can't miss 


With St 
the hosts 


Observing our 
nearest star 


The Sun 


Our nearest star offers 
an impressive amount of 
activity for you to view 


Some of the best views of our Sun are the easiest to 
capture, especially with the help of white light and 
hydrogen-alpha filters, which you can attach to your 
telescope. When observing the Sun through a white 
light filter, we see the photosphere as naturally as if 
we could look at it with the naked eye. Views will 
be affected by conditions, the Sun's activity and 
your equipment. Telescopes with apertures of 4” 
will reveal granulation, caused by the convection of 
material from the Sun’s interior to the surface. Under 
poor conditions, you'll witness very coarse mottling 
across the surface. They are extremely short-lived, 
with individual granules lasting 20 minutes. 

Our Sun's surface is ever-changing, so more 
features will appear, such as limb-darkening and 
bright patches known as faculae. Being so bright and 
full of intensity, the Sun is so dazzling that it hides 
some of its features. A H-alpha filter affixed to your 
telescope or a dedicated H-alpha solar telescope will 
fade out the bright light to reveal the chromosphere. 
Through a H-alpha filter, the Sun will take on a 
warm orange colour, which has a rough, mottled 
appearance due to jets of hydrogen that erupt from 
the surface. Careful attention to the areas of high 
activity - such as sunspots - should reveal bright 
spots known as plage. Look along the Sun’s limb and 
you should see solar prominences looping from it. 
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Fas is | 


ra 
é: ® Solar granulation 
es Granules on the 
: photosphere - the layer 
Filament a a AES immediately visible 
Hydrogen-alpha will make > faluconieontheore 
the Sun appear ‘furry’. caused by thermal 
The ‘hairs’ you see across columns of plasma. 
the surface are relatively 
cool and dense loops of a ® Sunspots 
gas suspended above the If you see a black ‘mark’ or evena 
surface of the Sun. ® Prominence ® Limb darkening collection of them, then you have 
Look along the edge of the solar You'll have to look carefully for limb found a sunspot. These temporary 
Plage ai) disc and you should be able to darkening, which appears to give the blemishes usually appear in pairs and 
Usually found around sunspots, spot these unmistakably bright edge of the solar disc a ‘dark yellow’ are cooler than the surrounding areas 
these brights features are visible gaseous features, often forming appearance. The feature is due to a at temperatures between 2,700 and 


in the upper chromosphere layer. a loop on the surface. drop in density and temperature. 4,200°C (4,890 and 7,590°F). 
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Our Solar System 


Jupiter and the Moon 


The king of the Solar System is at its best this month, while 
the Moon is within easy reach for astronomers of all abilities 


They are perhaps two of the most famous objects 
in the Solar System and, luckily for observers 
this month, they are also the easiest to turn your 
unaided and aided gaze upon as Jupiter heads for 
opposition - the point at which it is brightest and 
highest in the night sky - while the Moon flips 
through its phases, offering a selection of craters, 
mountainous ranges and lunar seas to get stuck into. 
This April, Jupiter is visible in the southeast 
during the evening and shines at a brilliant 
magnitude of -2.5 as it moves with the constellation 
of Virgo throughout the month. To the unaided 
eye, Jupiter appears as an unblinking star but train 
a pair of binoculars or a telescope on it and you'll 
be stunned by what can be observed of its dense, 
gaseous surface. 


Top sights to see on the Moon 


1 Mare Imbrium > 
(Sea of Showers) <> 


As well as its equatorial bands, the anticyclonic 
storm - the Great Red Spot - for which Jupiter is 
famous can be easy pickings with a small telescope, 
if you know were to look. This feature can be 
found easily when it is in ‘transit’, as it crosses an 
imaginary line that joins the gas giant's north pole 
to its south on its journey around Jupiter's disc. 

Even using modest equipment, its four largest 
moons - Io, Europa, Ganymede and Callisto - can 
be easily distinguished as points of light and can be 
seen changing positions throughout the course of 
the evenings. Shadows cast by the Galilean moons 
as they cross the face of Jupiter are particularly fun 
to watch, especially through telescopes capable 
of handling magnifications of 100x under good 
observing conditions. 


2 Oceanus Procellarum 
(Ocean of Storms) <> 


3 Mare Humorum y 
(Sea of Moisture) 4% 

4 Mare Serenitatis <8 

(Sea of Serenity) <> 


North polar ® » 
region — poll 


North tropical or e 


South equ 


6 Mare Crisium 
(Sea of Crises) <> 


7 Mare Fecunditatis 
(Sea of Fertility) 4" 


8 Mare Nectaris 
(Sea of Nectar) 4" 


5 Mare 
Tranquillitatis 9 Mare Vaporum 
(Sea of F (Sea of 
| 10 Mare Nubium 
(Sea of 
Clouds) 4" 
1 Aristarchus © 
, mill 12 Copernicus “* 
“Through 13 Plato 
a telescope, 14 Stevinus 
the planets 
. 15 Tycho 
always look like ii 
— akid has drawn 16 Kepler 
\ them in the sky” , Gina’ @ Naked eye 
BrianCox J ® Binoculars 
18 Byrgius * ‘Y Telescope 
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“Jupiter 

is incredible. 

; You can see 
er the swirls in the 
rs weather, you can 
“4 actually see ae 
ne £” moons as well!” 

Dara O Briain “Meteors 
are one of 
these phenomena 
Great Red Spot that you don't need 


any kind of telescope 
for, it is just sit 
and watch" 
DaraO Briain 


Seeing space rocks 
Asteroids, meteors and comets 


It's not just the planets that are visible with optical aids 


South temperate belt 


White oval 


The stars always remain in their patterns, and the 


o planets only move very slowly through the sky, but Events to look out for 


there are some celestial phenomena that move much : soe 
) South polar faster. The fastest, of course, are shooting stars, also Comet 41 P/ Tuttle-Giacobini-Kr esak 
Date: Late March and throughout April 


region knownies snairiai These are tiny erat of space Constellation: Ursa Major (March) and Draco (April) 
dust entering the atmosphere and burning up above Magnitude: Possibly naked eye in late March and 
our heads, so hot and bright that we can see them early April 


from the ground. Incredibly, about 100 tons of space Minimum optical aid required: 10x50 binoculars 


dust b i t hi ry di dth 
Watch the dance ust burns up in our atmosphere every day and these Vests 


are called sporadic shooting stars. However, there 


of J upiter'’s moons are also a number of times each year when meteors Date: April 


occur in groups, all coming from the same direction. Constellation: Gemini 
Magnitude: 8.0 


= Jupiter —lo N We call these meteor showers and the best ones can Meg ees igs ‘ : 
A Minimum optical aid required: 4-inch telescope 
Ganymede Callisto E Ww number 100 meteors per hour. They’te made of dust 
— Europa left in the wake of the passage of comets (although Lyrid meteor shower 
S one shower, the Geminids, is made from dust left Date: 23 April 
30 March 2017 behind by an asteroid). Meteors per hour: 10 
The comets that leave behind the dust for meteor Observing direction: Eastern sky 
showers can also move through the sky fairly quickly Comet 2015 V2 (Johnson) 
- their position compared to the stars around them : 
: ; : Date: Throughout May and June 

will often change from day to day, particularly if Constellation: Bodtes (May) and Virgo (June) 
the comet is close to us. Some comets are periodic, Magnitude: 6.0 (June) 
meaning they are on short orbits and come back Minimum optical aid required: 10x50 binoculars 
around the Sun again and again. But usually the best . 

13 April 2017 comets are those on very long orbits, or those that are Perseid meteor shower 

P making their first voyage into the inner Solar System a a inti 5 
from the icy Oort Cloud. This latter type of comet are Meteots per nour: 8 
: ; : Observing direction: North-eastern sky 
always a surprise - we don't know about them until 
we discover one brightening as it gets near the Sun. Pallas 
Most comets need binoculars or telescopes to see Date: 23 October 
them but occasionally one grows bright enough to be Constellation: Eridanus 
seen in the night sky with the unaided eye. Magnitude: 8.2 
. Finally, there are asteroids. The asteroids in Minimum optical aid required: Small 4-inch 

27 April 2017 ; ; telescope 

the Asteroid Belt between Mars and Jupiter move Pp 


through the sky no faster than the planets, but the 
brightest of them - Ceres, Vesta and Pallas - are 
visible through small telescopes. Near-Earth asteroids, Meteors per hour: 100 

on the other hand, are so close that they are seen to Observing direction: Southern sky 
whizz across the sky in hours, but are usually so faint 

you need a telescope and CCD camera to catch them. 


Geminid meteor shower 
Date: 14 December 
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"We'e 
now able to 
find planets billions 


of miles outside our 
Solar System. While 
we can't say for certain 
that they're habitable, 
there’s a chance that 
some are” 
Brian Cox 


Planet Hunters 
Find an exoplanet 
at home 


Contribute to science by 
discovering a world beyond 
our Solar System 


The Kepler Space Telescope has been looking at over 
100,000 stars since it launched in 2009, watching 

for periodic dips in the light of those stars that might 
indicate the transit of a planet. But Kepler provides 
far too much data for astronomers to sift through, so 
members of the public are now able to do some of 
the searching, thanks to the Planet Hunters website. 
The website displays for users segments of ‘light 
curves’ of stars. If these curves are periodic and of 
the same ‘depth’, then there is a good chance it is an 
exoplanet regularly transiting its star. If you see one 
of these dips in the light curve, you highlight it before 
moving on to the next graph, leaving the professional 
astronomers to follow up and confirm if it is really a 
planet or not. Dozens of candidate planets have been 
discovered by members of the public in this way. 


The International « pare 
space Station Ni 


It's the largest satellite in Earth orbit. Here's everything you 


need to know about capturing the ISS 


Stand outside on a clear night and you'll see steady 
points of light slowly but steadily making their way 
across the sky. These objects, which circle our planet 
in Earth orbit are in fact satellites and can readily be 
picked up by binoculars and telescopes. The most 
rewarding satellite to observe, though, is the ISS. 
The Space Station travels at a blistering 28,100 
kilometres (17,500 miles) per hour, which means 
that it appears and disappears from an observer's 
view in minutes, so you'll have to be quick to catch 
it with your telescope or binoculars. The ISS looks 
like a very bright, fast-moving star and usually 
: appears from the west and, depending on your 
location, will be seen to cross the sky low down to 
rizon, high overhead or anywhere in between. 
onally, the ISS passes into Earth's shadow, 
which causes it to fade out, while a good 
Pass could mean that you see 
: nh puZon. [0 
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wal visible to you. 


could be lucky enough to see a couple of passes 
ovér the course of an evening or early morning 
depending on the path the ISS is taking and where 
you are in relation to it. The ISS's path changes quite 
regularly so it’s not possible to see it every night but 
you'll see it-every six weeks from the same location. 
To observe the ISS, you must be prepared and 
know when it will appear in the sky. Information 
is readily available from various websites and apps 
that you can download on your smartphone, which 
will give you up-to-the-minute information. You'll 
also need a clear night sky or a minimal amount of 
cloud cover at the very least in order to spot it. You 
should also ensure that you're out and observing a 
good few minutes before the ISS is about to appear. 
Make sure that you wrap up warm and are very 
patient - the ISS may not appear at the exact time 
stated, it may be coming out of the shadow of Earth, 
or it may need to climb above local obstructions 
such as mountains or even trees before it becomes 


How to 
use Planet 


Spot the dips 
The transits appear as measurements that are 


much dimmer than the rest of the light curve. 


This shows a planet transiting three times in 22 weeks. 


Spot #8 Spot the 
’ : Station 


nasa.gov 


spotthestation, 


Get started 
Log onto planethunters.org for the first time 


and you'll receive a short and simple tutorial that 
teaches you what you need to know. 


Seeing variable stars 

Some stars have natural dips; they are 

intrinsically variable stars or eclipsing binaries. 
This shows in the wavy nature of this light curve. 


ISS Spotter 


iPhone and Android 
Cost: Free 


STARGAZING WITH 
Brian and Daraj 


You'll see a light curve, with time on the X-axis 
Z__4 and brightness on the Y-axis. Each point 
represents a measurement of the star's brightness. 


) Get to know the light curve 


The website encourages you to tag unusual light 
curves that don't have transiting planets, such as 
Cepheid Variables. There's also a user discussion page. 


" Cepheid variable light curves 


: Be prepar ed for a pass Work out when the ISS passes over-your location to ensure you catch a glimpse of it 


Heavens- 


GolSSWatch Above 
iPhone and Android Android 
“ost: Free Free 


Se 


Peer into deep space 
Different kinds of star 


. . rs, “The 

WW positions of 

: the stars in the 
sky don't just tell us 


what time of day it is | 


here on Earth, but 
also what time of 
the year it is” 
Brian Cox 


From stars bigger than our Sun to those that make up giant 
galactic structures, the cosmos offers much to see 


Some of the best stars in the sky stand out not just 
because of their brightness, but due to their colour: 
Betelgeuse 's blood red, Vega's dazzling white and 
Capella’s pleasant yellow. These colours aren't just 
aesthetic - they tell us a lot about the stars. The 
hottest stars tend to be blue-white, while the coolest 
stars are red, with yellow stars in between. Blue 
stars are the most massive stars, while yellow stars 
are similar to our Sun, and orange stars a little less 
massive than our Sun. Red stars, however, can be 
tiny and titanic. Regardless of their colour, both blue 
and red supergiants can explode as supernovae. 


Finding a pulsar 


A supernova explosion leaves behind a neutron 
star, born spinning and emitting beams of radio 
waves. As they spin these radio waves flash towards 
us, making them appear to pulse, so we call them 
pulsars. One of the most famous pulsars, the 
Crab Pulsar, is still on show: it is the remains of a 
supernova from 1054 AD. A 16" telescope should 
catch the pulsar inside the nebula as a faint dot, 
though you won't be able to detect the pulses. Spring 
has some great galaxies on offer, too, including the 
many objects of the Virgo Cluster, as well as M81 and 
M82 in Ursa Major and M51 in Canes Venatici. 


Start off by locating the constellation of Orion, 

in particular its three Belt stars. Move your gaze 
to the left shoulder of Orion and the brilliant red 
star Betelgeuse. 


| ) Move to the Hyades star cluster 


| Find the constellation of Orion 


Now move your eyes upwards and west and 

you'll come cross another bright red star ina 
distinctive V-pattern with a number of other stars. 
This is Aldebaran, and the V-shape belongs to the 
Hyades star cluster in Taurus. 


Move slightly east 

Now move back, eastwards along a line from 

the bottom half of the V, to a star called 
Zeta Tauri. It's magnitude 3, so should be easily 
visible from most urban locations. If you drew a 
line between Betelgeuse and Bellatrix, which is the 
star on the other (right) shoulder of Orion, then 
from the midpoint of that line drew another line 
upwards, you'd find Zeta Tauri. 


Have your telescope or binoculars 
at the ready! 

Until this point, we've been able to use just 
our eyes to navigate. For the final step we'll need at 
least a pair of 10x50 binoculars or a small telescope. 
Nudge your telescope just over a degree north and 
slightly to the west of Zeta Tauri, and you'll see a 
faint, oval-shaped fuzzy blob. This is Messier 1, the 
Crab Nebula. You'll need to image the nebula with 
a CCD or DSLR camera to be able to pick out any of 
the detail in the nebula. 


your perfect 
telescope 


Take the fuss out of 
finding the right observing 
instrument for you 


Purchasing a telescope that fits all of your needs 
while remaining within your budget is a balancing 
act in itself that many astronomers can find 
daunting - especially those that are new to the 
hobby. It's often easy to go for the telescope that 
does the most and has the heftiest price tag but 
that, more often than not, results in disaster. 
Especially if the user gets frustrated with using 
their new instrument - so much so that your 
impulse buy that was meant to open up views 
of the universe is gathering dust in the corner 

of your house. Of course, the other extreme 

is that you may end up spending so little on 
your telescope that you end up getting conned. 
For example, buying a scope from a mail-order 
telescope or department store could result in you 
owning an instrument that’s no more than a toy 
and/or riddled with problems. 

Thankfully, there is a way to ensure that you 
don't fall into this trap. You should know how 
much you're willing to spend, what you find most 
exciting about the night sky (what objects you'll 
be observing the most) and whether that interest 
is going to stay with you. If you're a Solar System 
observer and you thrive off views of Saturn's rings 
or the moons of Jupiter, then you should purchase 
a telescope that allows you to achieve those views. 
If you really can't decide and you'd like to see a 
wide range of night sky sights but you'd like a 
telescope that's easy to set up, you can buy an 
instrument that fits this criteria. 

The next step is to ensure that you do plenty 
of research before making a purchase, either 
by reading up on your hobby using astronomy 
books or getting some advice from seasoned 
astronomers at your local astronomical society. It’s 
also essential that you shop around so that you're 
able to compare prices and make sure that there's 
a satisfactory trade-off between how much you 
can afford and what the telescope can do for you. 

Whatever capabilities you have decided on, the 
tules for choosing a telescope are essentially the 
same - don't go for cheap, poor-quality models 
that you can often find being sold in high-street 
stores or catalogues, and avoid instruments you'll 
find particularly difficult to set up and are too 
heavy to carry along. Also be sure to steer clear 
of telescopes that offer fantastic magnification for 
very little cost - if it sounds too good to be true, 
then it most probably is! 
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Using yourinstrument 
The basic principle of using a telescope is pretty «7. 
much the same, whatever the type you choose 7 


Focuser™ 

The focuser enables you to obtain 
clear views of your target. Each 
eyepiece has a slightly different 
point of focus, so you might need to 
adjust the focuser much more from 


® Star diagonal 
Employed to make 
viewing comfortable, 
star diagonals hold the 


“eyepiece and bend light 
at an angle of 90 degrees. 


one eyepiece to the next. 


Pn / 


Eyepiece 
The eyepiece slots into the star 
diagonal and magnifies the image, 
putting the focused image where your 
eye can see it. You'll discover that 

" most telescopes are supplied with 

either Pléssl or Kellner eyepieces. 


fs ® Mount 
—— : a This allows the telescope to be 
fy | slewed to your chosen target. 


Alt-azimuth mounts enable the 

telescope to be moved up and 

down while equatorial mounts 
a» can track the rotation of the sky. 


Objective ® 
Serving as the eye 
of the telescope, the 
objective - a mirror 
or lens - gathers light 
from the object you're 
observing and directs 
it to create an image 
for the observer. 


Types of telescope 


Knowing what you want to observe and how much you have to spend is part of the battle in choosing your new scope 


~ > a at: r There are two types of ( o, ) = optri 


These telescopes bend Computerised telescopes| 
reflector: Newtonians and . 


light to give you a larger that use a GoTo often have! 
Dobsonians. Both use mirrors! 
(: 


view. They are easy to  —~ a tube that employs a 
set up and use a main ¢ sae x ? to reflect light and create catadioptric optical system| 
objective lens at one end an image of your object. - the best of reflector and) 
that focuses light through Newtonians can be found refractor worlds. Good fori 
the other. They are good on alt-azimuth or equatorial| beginners with a modest 
at giving magnified and mounts, allowing tracking of budget, they are often 
high-contrast images, ideal objects, while Dobsonians quite robust, making them| 
use an alt-azimuth mount, perfect for the family. But, 
making them easier to set 


for looking at the Moon 
and planets. The best ones , if you like to find targets 


have an aperture of 2” he , 4 up but not so great for ne at your own pace, a GoTo) 
(60mm) or more. a ill \‘" astrophotography. = telescope isn't for you. 


*) You have a low-to-medium budget ®) You're looking for a low-maintenance instrument 
> You're a novice astronomer 

>) You enjoy observing the Moon and planets 
®) You're looking for a portable instrument 


>) You're looking for a low-maintenance instrument 


=) You have some eosin of using a telescope 
®) You enjoy observing deep-sky objects 

®) You're looking for an upgrade on your first scope 
®) You want to try out astrophotography 

®) You have a modest budget 


®) You want to spend most of your time observing 
> You prefer objects that need a small field of view 
®) You have a medium-to-high budget 

®) You want a telescope for the family 


© Shutterstock; Alamy; ESO; NASA; SETI Institute; JPL-Caltech; ESA; J. Hester; A. Loll; Damian Peach 
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Monceros 


Canis Major Aquarius 
Eridanus 
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EVENING SKY DAYLIGHT 


Sa 
«, Becous Delphinus 
Mars : Uranus \ 
Taurus 


Orion 


Pisces Venus [ese 
The Sun ~& L 


Neptune 


6 é 


Moon phases 


MAR 


16.8 
08:47 


23:56 : a-r-- 


APR 


89.0 
05:02 15:37 05:30 16:46 05:55 17:53 


APR 


92.5 é ; 
08:00 23:13 08:33 @--:-- 00:11 09:10 


APR APR APR 
31.3 21.6 131 


03:46 13:50 04:16 W15:00 04:44 


Illumination Full Moon 

Moonrise time New Moon 

Moonset time First quarter 
0.2 Last quarter 


17:32 05:39 18:52 06:08 & 20:13 06:41 


All figures are given for OOh at midnight (local times for London, UK) 
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What's in the sky? 


~~ 


Canes Venatici —s 


Leo Minor 


Bodtes 


De 


j Coma Berenices 
Corona Borealis 


Hercules 


{\ 


Serpens Sextans 


Crater 


Antlia 


Centaurus the 


OPPOSITION 


All rise and set times are given in BST 


6 APR 13 APR 20 APR 26 APR Date RA Dec Constellation Mag Rise Set 
31Mar 01h 44m 18s +13° 18'54" Pisces -0.4 06:55 21:21 
O6Apr O2h01m36s +15° 38' 36" Aries 0.8 06:35 21:28 
13 Apr 02h 03m 20s +15° 41°20" Aries 311 06:09 21:03 
20Apr O1h50m14s +13° 09'52" Aries 65 05:43 20:08 
26 Apr O1h 37m 27s +10° 11°59" Pisces Al 05:23 19:15 
31Mar 23h52m 42s +07° 31°50" Pisces -41 05:35 18:59 
O6Apr 23h44m00s +05° 22'27" Pisces -4.3 05:13 18:15 
13 Apr 23h 40m 18s +03°17'07" Pisces -44 04:53 17:33 
20 Apr 23h 43m 50s +01°58'00" Pisces -45 04:36 ~—-17:03 
26Apr =: 23h 51m 50s +01° 29'51" Pisces -4.5 04:22 ~=16:45 
31 Mar 02h48m 45s +16° 37' 24" Aries 15 07:40 = 22:45 
O6Apr 03h05m40s +17°53' 11" Aries 15 07:25 22:45 
13 Apr 03h 25m 34s +19° 14°00" Taurus 15 07:09 22:46 
‘ 100% 100% 100% 100% 20Apr O3h45m38s = +20°26'09" _— Taurus 16 06:54 22:46 
26 Apr 04h 02m 58s +21°20' 46" Taurus 1.6 06:42 22:46 
31Mar 13h 12m 36s -05°59' 06" Virgo 24 20:01 07:12 
. —_ - — O6Apr 13h09m46s -05° 41' 38" Virgo 2.5 19:33 06:47 
_ = + 13 Apr 13h 06m 26s -05° 21'17" Virgo 2.5 19:00 06:18 
20Apr = 13h03m10s -05° O1' 38" Virgo 24 18:28 05:49 
26Apr = 13h00m30s -04° 45'52" Virgo 24 18:00 05:24 
31 Mar 17h 49m 19s -22° 04' 33" Sagittarius 04 02:12 10:16 
O6Apr = 17h49m27s -22° 04'12" Sagittarius 04 01:49 09:53 
13 Apr 17h 49m 17s -22° 03' 44" Sagittarius 04 01:21 09:25 
20 Apr 17h 48m 41s -22° 03' 14" Sagittarius 0.3 00:53 08:57 
26 Apr 17h 48m 05s -22° 02' 45" Sagittarius 0.3 00:29 08:33 
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This month's planets 


The king of the Solar System heads for opposition this April, while Mars 


J ) 
Constellation: Virgo 


Magnitude: -2.5 
Direction: Southeast 


e Haumea 


_” SERPENS 


Jupiter is now a beautiful object, rising in the east 

as the Sun is setting in the west, and is so bright it 
demands you look at it. As Jupiter rises around the 
same time as the Sun sets it is visible all night, which 
means you can observe changes on and around 

it. Look at Jupiter through a small telescope at any 
point between sunset and sunrise and you'll see 
dark bands of cloud crossing its flattened disc - two 
or four depending on the aperture of your telescope 


and the magnification. You might also see the famous 
Great Red Spot (GRS) but only if your telescope is 

big enough and if the GRS is facing you; it might be 
around the other side of the planet. But as Jupiter 
spins so quickly - its day is just under ten hours long - 
chances are you'll see the GRS at some point through 
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BOOTES 


SE 
Vv 


21:30 BST on 11 April 


the night if you keep looking, as Jupiter's rotation 
brings it around the edge of the planet and into view. 
If you don't have a telescope, don’t worry; a good 
pair of 10x50 binoculars will show you the four largest 
of its 67 moons - the “Galilean Satellites", named in 
honour of astronomer Galileo who first observed them 
- and allow you to follow their movement around the 
planet. Depending on the date you look, at the start 
of the night you might see all four Galilean moons on 
the same side of the planet, arranged in a line, or you 
might see a pair of moons on either side of Jupiter, or 
three on one side and one on the other - or maybe not 
even all four if some are hidden behind Jupiter's disc 
or passing in front of it. If you look a few hours later 
that arrangement will definitely have changed. And 


Jupiter - 


and Saturn remain good targets for evening and morning astronomers 


Planet of the month 
fer 


CRATER 


- CORVUS 
_ >. HYDRA 


if youre wondering how you can tell which moon is 
which, you can keep track with either planetarium 
software for your computer, or with sky observing 
apps on your tablet or smartphone. 

Jupiter plays a game of celestial tag with the Moon 
in the evening sky between 9-11 April. On 9 April, 
look to the southeast at 10.30pm and you'll see Jupiter 
shining to the lower left of the Moon. The next night 
the two will be much closer, with the almost-full Moon 
blazing right above Jupiter. On 11 April, the pair will 
have moved apart and the Moon will now be shining 
to the lower left of Jupiter. Note: if you have binoculars 
you'll be able to see those four aforementioned 
Galilean moons, all strung out in a line to the right of 
Jupiter, all through the evening of 10 April. 
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This month's planets 


Constellation: Aries (moving into Taurus) 
Magnitude: 1.5 

Direction: West 

Mars remains visible in the evening sky 
all this month, slowly drifting out of the 
constellation of Aries and into Taurus. At 
magnitude 1.5, Mars is brighter than most 
of the stars in the sky, around the same 
brightness as Castor or Regulus, but is still 
not a striking sight to the naked eye. It 
does keep attractive company this month, 
hough. On 30 March it will shine very 
close to a beautiful crescent Moon, with 
Mercury to its lower right. By the end of 
April Mars will move between the Pleiades 
and Hyades star clusters - a very pretty 
sight as darkness falls, and one you might 
like to capture with your DSLR camera on 
a tripod. 


AURIGA — 


MONOCERO 


Andromeda © PEGASUS © ° 


* TRIANGULUM 


*,»Marts 


Ceres ARIES 


ERIDANUS PISCE 


Constellation: Aries clear skies might spot it easily, but Constellation: Pisces a telescope or binoculars, shining to 
Magnitude: 2.3 you may need binoculars - only after Magnitude: -4.4 the lower right of Mars and Uranus. 
Direction: West the Sun has set. On 30 March a thin Direction: East Between 17-20 April it will fall further 
Mercury is visible in the evening sky crescent Moon will shine to the upper Having dominated the evening sky in toward the horizon as it emerges from 
in early April as a coppery spark low left of Mercury, making it easier to winter, by mid-month Venus begins to the Sun's glare, but it may be hard to 
in the west after sunset. Observers find in twilight. By mid-April Mercury drop into the twilight. In early April, spot. By the end of April, Venus is lost 
with good eyesight, a flat horizon and will dive towards the Sun again. | Venus will be a tiny crescent through from the evening sky. 


Constellation: Sagittarius 
Magnitude: 0.3 
Direction: Southeast 

: Saturn is an early morning object, rising at 
AQUILA : SERPENS ; 2am. Shining at magnitude 0.3, embedded 

; ; : in the frothy star clouds of Sagittarius, 

Saturn is obvious to the naked eye but this 
isn't a good time to see it as it doesn't get 
very high in the sky before dawn. But if you 
can train your telescope on Saturn before 
hen, you'll see that its rings are wide open, 
allowing us to see their dark ‘gaps’. The 
widest gap, the Cassini Division, is obvious 
in a small telescope, separating the broad 
A and B Rings. A larger telescope might let 
you see the narrower Encke Gap separating 
he A Ring from the outer edge of the ring 
system. The Moon hop scotches towards 
and then past Saturn between 16-18 April. 


SCUTUM 


SAGITTARIUS 
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Moon tour 


Messier and 
Messier A 


These two small craters are an intriguing 
sight through a telescope this month 


Look at the Moon through a powerful 
telescope, a simple pair of binoculars 
or even just your naked eyes, and you 
can tell it had a violent past. Countless 
craters spatter its surface, each one a 
wound blasted out of the crust by the 
impact of a piece of rock or metal that 
came barrelling in from deep space. 
Most are so old that they're now just pits, 
empty eye sockets staring sightlessly 
from the Moon. But a few craters 
are young enough that they are still 
surrounded by systems of rays, bright 
lines of debris thrown out across the 
lunar surface when they were formed. 
The largest ray systems, streaking 
away from the giant “celebrity” craters 
such as Copernicus, Kepler and Tycho, 
are obvious to the naked eye on a clear 
night when the Moon is full. But here 
and there, dotted across the Moon, 
you can find smaller, less famous 
craters with smaller systems of rays, 
which are just as beautiful as their 
larger counterparts. One such crater is 
Messier A, a hole blasted out of Mare 
Fecunditatis (The Sea of Fertility) around 
1 billion years ago. Lying just south of 
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the equator, Messier A is a mere nine 
kilometres (5.6 miles) across, which 
means you really need a telescope to 
see it, although it might just be glimpsed 
through a powerful pair of binoculars 
on a perfect night. It is actually one of a 
pair of craters, close to the crater Messier, 
which is more oblong in shape. 
However, Messier A is the more 
striking of the two because a pair of 
long, narrow debris rays, jut away from 
it to the west, make it look like a comet. 
In fact, its comet-like appearance is quite 
appropriate, because Messier A and 
its near neighbour were named after 
the French observer Charles Messier, 
the 18th century comet hunter who 
compiled a catalogue of clusters, galaxies 
and nebulae in the sky so that he 
wouldn't mistake them for new comets. 
There has always been speculation 
about how Messier and Messier A were 
formed. Some observers favour a “double 
impact” scenario, in which a pair of 
objects hit the Moon simultaneously, 
creating a pair of craters. Another, and 
rather more romantic theory, is that 
a single body hit the Moon at such a 


shallow angle that after forming Messier 
it actually bounced back off the surface 
of the Moon, like one of the Dambusters’ 
bouncing bombs bouncing off a 
reservoir - or, more recently, the Philae 
lander! - and came down a second time, 
blasting Messier A out of the Moon and 
sending a huge spray of material away 
from it, forming the long, bright rays we 
see today. This actually makes sense: 
look at Messier through a telescope and 
it is strikingly elongated, which is what 
you would expect a crater caused by a 
low angle, grazing impact to look like. 
So when can you see these intriguing 
craters this month? As this issue of 
All About Space hits the shelves and 
drops through letter boxes, the Moon 
is a slim crescent, low in the west after 
sunset. Messier and Messier A will not 
become visible until the evening of 31 
March, when the very young, crescent 
Moon will be to the upper left of Mars 
and Mercury and the terminator sweeps 
over central Mare Fecunditatis, bathing 
the Messier pair in sunlight. The craters 
then remain visible until 15 April when 
the terminator rolls back over them, 


Top tip! 


Use a Moon filter 
when looking 

at Messier and 
Messier A, 
especially when 
the Moon is full. 
The features will 
stand out much 
more clearly. 
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plunging them into darkness once more. 
By then the Moon will be at its waning 
gibbous phase in the morning sky, to the 
upper right of Saturn. 

Between those two dates the pair 
will be easy to see through even a small 
telescope, with Messier A’s rays at their 
most obvious around 5-6 April. When 
magnified through a larger telescope 
you'll easily be able to see the gap 
between Messier A's twin rays, and it 
should remind you of a classic comet 
tail, airbrushed on to the Moon's grey- 
white surface. 
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Lone stars and globular clusters are among 
_. the treats on view in the spring night sky 


; A ee” 


» Canes 
\Venatici ...°° ae 
& ° 1 . 


j 


/ Coma 
/. Berenices 


Messier 3 , — 
One of the brightest clusters in the 
Northern Hemisphere, Messier 3 is 
easily visible in binoculars as a hazy 
ball of stars. The cluster is seen as 
one of the finest northern sights, 
with.its collection of 274 known 
variable stars making it visible to, i 
even the slightest of optical aids./ 
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Alphard 

This star's name means ‘the 
solitary one’ - Alphard is 
aptly named, as it is the only 
bright star in this region of 
sky. Hydra (The Water Snake) 


e E - the constellation that this 
“| magnitude 2 star occupies - ~ 
eo : stretches across the sky. To 


the naked eye and binoculars, 
ss Alphard has a warm orange 
° colour that’s not too showy. 


“| @ 


-Sextans | 


The constellation Crater 

This constellation is said to 

represent a cup of water brought 

to the god Apollo by a crow. Delta 
Crateris (magnitude 3.56) and Alpha ~ 
Crateris (magnitude 4.07) are the . 
constellation’s two brightest stars, 
which are easily detected with * - 
10x50 binoculars. 


_The constellation Corvus 
Corvus represents the crow sent 

to collect water by Apollo, but 

who brought him a snake instead 
and was thrown into the heavens. 
While you can't see them, at least 
three of Corvus’ star systems have 
exoplanets, Corvus also owns an 
ageing blue giant star, Gamma Corvi, 
which has a magnitude of 2.59. 


Messier. 68 
Globular star cluster M68 has. 
a dense core and is 33,000 
light years away. Under good 
observing conditions, this star 
cluster appears to have a fuzzy 
halo that fades to the edges. 
This tight collection of stars is 

| visible through 7x50 binoculars. 
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How to... 


set Up a 
Golo telescope 


Some mounts come with sophisticated 


\ 


computer systems that allow you to find ~ 
night-sky objects and track them automatically 


You'll need: 


V AGoTo telescope 
V A power supply 
V Acompass 

V A finderscope 


Many modern telescope mounts, even 
for small telescopes, come with what 
are known as ‘GoTo’ computers. There 
are several manufacturers who supply 
such systems with their telescopes 
and each varies a little from the other. 
Some are more powerful, while others 
are more intuitive. They all, though, 
do basically the same thing - that is, 
they enable your telescope to find and 
track thousands of objects in the night 
sky. This is great for beginners who 
perhaps are not very familiar with 

the heavens, but also for the more 
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advanced amateurs who want to be 
able to find and view or image many 
more challenging objects, which are 
perhaps too faint to be easily seen - at 
least at first glance anyway. 

What all these systems do have 
in common though, is that they 
require a certain amount of setting up. 
Some will require you to point your 
telescope to a particular star or stars, 
while others will need very little in 
terms of user intervention. There are 
ones that have an in-built imaging 
system, which takes an image of the 
sky and works out from this where it 
is pointing. You'll still probably need 
to tell the computer where you are on 
Earth, either by inputting your latitude 
and longitude - if you know it, of 
course - or at least informing it of your 
nearest town or city. 

Depending on the type of mount 
you are using, that is alt-azimuth or 


equatorial, you may also need to point 
the telescope due north during start 
up, along with telling the computer 
your position as well as the time of 
day. A magnetic compass is useful 
here, of course. Make sure that you 
have your telescope level and stable 
too. Some GoTo systems will point the 
telescope, during the initial set up, to 
a bright star, usually one of around 35 
such stars. It is useful to have a star 
chart to hand if you don’t know the 
sky very well, as the computer will 
often tell you the name of the star, 
but that’s not very helpful if you don't 
know which one it is! 

Be sure to centre the star or stars in 
the telescope’s field of view as well as 
you can. This will help the accuracy 
of alignment for the rest of the objects 
it points to. Dare we say it? Study the 
instructions manual carefully and you 
shouldn't go far wrong. 


Get a stable tripod 

Make sure the tripod is on stable ground 
and as level as possible. A bubble level 
can help here. 


Align your finderscope 

It's really useful to set up your 
finderscope carefully before you start 
setting up your GoTo system. 


Make use of instructions 

Make sure the telescope is set up as the 
instructions recommend and ensure 
that the eyepiece is easily accessible. 


Monitor your batteries 
Check that your batteries are fully 
charged before you start the set up. 


Use low-power eyepieces 
Always use a low-power eyepiece when 
setting the system up. This gives you a 
wider field of view. 
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Ensuring an accurate computerised mount 
Improve your telescope's pointing accuracy by using the stars to align it correctly 


How accurately your GoTo computer points the 
telescope to objects depends on how well it was set 
up in the first place. This depends on how level the 
mount is, how well the alignment stars were centred 
in the field of view, and how accurately you set the 


This really helps to keep your telescope's ‘finding 


| Level the tripod 


ability’ accurate. Use a bubble level to ensure the 
tripod is stable and level. 


Set up your finderscope 
Make sure the finderscope is well aligned with 


the telescope. It makes it easier to centre the 
first bright star in your field of view. 
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computer acclimatise to becoming more accurate. 


time, date and position into the computer, certainly 
on older models anyway. It's worth taking your time 
to get this right as it will pay dividends in smooth 
operation and accuracy of finding and centring 
objects in the sky for your delight. 


Send your photos to 
space@spaceanswers.com 


Find north Use a bright star for alignment 

Some GoTo systems require you to point the You'll be asked to centre a bright star in your 

telescope north. A magnetic compass comes in telescope's field of view. Be sure to do this as 
very handy here. accurately as you can. 


You can usually re-centre the stars and objects 
after the GoTo system is set up. This helps the 


Most GoTo systems have huge databases of 
night-sky objects. Enjoy the real power of your 
telescope to show you the universe. 


5 Re-centre stars in your field of view ‘ , Enjoy the skies! 
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The ‘Realm. of the Galaxies’ 


Evenings reveal a gaggle of must-see structures when we look out into 
deep space and in the direction of one of the most well-known constellations 


The region of sky around the constellations of Leo, 

Coma Berenices and Virgo is known as the ‘Realm 

of the Galaxies’ and this is a perfect time of year to 

go hunting for those faint, fuzzy and very distant 

objects. Galaxies come in all shapes, sizes and 

distances and this means that they can seem larger 

and brighter or smaller and fainter, depending on 

their individual attributes. They can also come in 

groups. This can be a line of sight effect or it can 

be the result of gravitational interactions between 

individual galaxies. Some larger, brighter galaxies can 

be spotted in binoculars but most require at least a 

small telescope; the larger the aperture of your scope, 

the more you'll see and the brighter they will appear. : 
Here are just a few of the most interesting objects for Messier 100 ; "Messier 87 
the very deep-sky observer. 


. 


Markarian’s Chain : : ‘ ° : ° ‘ 
. ° . 
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Three galaxies for the price of one! Messier 65, 
_L. Messier 66 and NGC 3628 make a lovely sight in 
just about any size of telescope. Since they are tightly 
knitted together, these three spiral galaxies are visible 
in the same field of view. 


—) Messier 86 
This is an unusual elliptical galaxy found in 


41 the heart of the Virgo Cluster. It is associated 
with a similar elliptical galaxy, M84. Given its +8.9 
magnitude, you'll need a telescope with a small-to- 
medium aperture to show up an oval-shaped patch. 


| The Leo Triplet 


Markarian’s Chain 
~) Containing M84 and M86, this is a long curved 
—J line of galaxies that form part of the Virgo 
Cluster. Small telescopes will pick out the length of 
the chain; however, you'll need a telescope with a 
large aperture to see the much fainter members. 


The Black Eye Galaxy (M64) 


STARGAZER 


Deep sky challenge 


Coma 
Berenices 
. ‘e . 

: Leo-Major 
° 


Messier 100 
é Spiral galaxy M100 is one of the largest and 


brightest objects in the Virgo Cluster, shining 
at magnitude +9.3. Its ‘grand design’ structure is 
difficult to pick out - you'll need a telescope with an 
8-inch aperture and good observing conditions. 


‘\ M64 has a dark dust lane near its nucleus, 
. which gives rise to its name, the Black Eye 
Galaxy. A 6-inch telescope will reveal the galaxy as 
a smooth oval, with its dark band becoming more 
obvious from a dark sky site. 


2 The Black Eye Galaxy (M64) 


—) This super-giant elliptical galaxy in the Virgo 
~ Cluster is one of the most massive objects in 
our local universe. At magnitude +8.6, M87 is readily 
observed using a small telescope but you'll need the 


art of astrophotography to capture this galaxy's jet. 


6 Messier 87 


iversity of Arizona; 


; Mount Lemmon SkyCent 
ase Western Rese! 
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Watch the storms of Jupiter 


The king of the Solar System is a fascinating world. It is easily seen through a 
small telescope and you can watch its gaseous dynamic atmosphere in action 


A telescope 

Aselection of eyepieces 
Coloured filters 
Anotebook/drawing pad 


The largest planet in our Solar System 
is also one of the most active. It has a 
thick, dense atmosphere and due to its 
very fast rotation about its polar axis 
(it rotates in just under 10 hours), it 
has striking looking cloud belts, which 
wrap around the planet like hoops. 
The atmosphere is made of dense, 
toxic gases such as methane, ammonia 
and hydrogen. The huge gravitational 
pull of the giant planet also means 
that the atmospheric pressure is 
huge, so if you were to fall into the 
atmosphere, you would be crushed 
just a few kilometres down. There is 
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no doubt then, that Jupiter is a very 
dynamic planet. 

The cloud belts themselves are 
labelled according to their latitude or 
position on the disc of the planet. For 
example, there are the northern and 
southern equatorial belts along with 
the northern and southern temperate 
belts. In between the belts we have 
lighter regions called ‘zones’. The 
widest one around the centre of the 
planet is called the equatorial zone. 

A larger telescope with a medium-to- 
high magnification will start to show 
detail in these belts and zones and 
here you can see spots, eddies and 
whirls, which are constantly changing. 

There are also storms that appear 
as larger, dense spots, which if studied 
over a period of time, seem to rotate 
themselves. These are large and very 
violent storms, easily equivalent to 
the largest category hurricanes that 
occasionally build up on Earth. The 


very largest storm of all on Jupiter is 
known as the Great Red Spot and it is 
quite famous. It resides on the margins 
of the southern equatorial belt and has 
been raging for at least 150 years! It is 
thought the winds here blow at about 
644 kilometres (400 miles) per hour. 
There is another storm, although 
considerably smaller, called ‘Oval 
BA’ and sometimes called Red Spot 
Junior. This is also a persistent storm 
although it was first seen in 2000 
after the collision of three small white 
storms in the southern temperate belt. 
As you can see, Jupiter has a 
dynamic atmosphere, which is within 
the grasp of most amateur telescopes. 
If you record what you see by taking 
notes or drawing the activity, you'll 
see just how much the atmosphere 
changes night-by-night and week- 
by-week. Drawing also helps your 
observational skills, as it gets you to 
really look at what youre seeing. 


Just about any size of telescope can 
show you the cloud belts but a larger 
aperture will show you more detail. 


Use a low-power eyepiece at first to 
locate and centre Jupiter. You can then 
increase the magnification. 


The Earth's atmosphere can blur the 
view so only increase the magnification 
if the air is clear and steady. 


Coloured filters enhance the various 
features on Jupiter. Try light yellow or 
orange filters to increase the contrast. 


Drawing what you can see on the disc 
of Jupiter helps to record it and trains 
your eye and brain. 


www.spaceanswers.com 


© NASA 


STARGAZER | 
Watch the storms of Jupiter 


Observe the Great Red Spot 


Jupiter's greatest anticyclone never fails to disappoint 


One of the best times to view Jupiter and its atmosphere allows but don't be afraid to go down a 

atmosphere is around opposition, when it is closest level, as your eye is remarkably good at seeing detail, 

to us and directly opposite the Sun in the sky. It will even if the planet seems quite small in the field of Send Your photos to 

appear as large as it can be and so seeing detail will view. Experiment with coloured filters, too, as these space@spaceanswers.com 
be that bit easier. Use as high a magnification as the can really bring out some of the details. 


Set up your telescope with a tracking motor if you have one. It is essential that Eyepieces that combine with your telescope for a low power should be used 
your instrument has been assembled on a level surface to avoid wobbling. first. Switch to a higher magnification if the observing conditions are fair. 


| Use a tracking motor ? Use a low-power eyepiece 


Attach a coloured filter Use an ephemeris 
Experiment by using various coloured filters screwed into the eyepiece. Start It's good to know when certain features will be on view, so use information 


on the internet to find out the best viewing times. 


with a light yellow filter to enhance the contrast of Jupiter's atmosphere. 


This particular storm is not always visible but when it is, take some time to It's great to keep a record of what you see. Draw a circle on some paper and 
make a note of its colour and shape. It is spectacular to view. fill it in using coloured pencils. This will also help with your observations. 


- Find the Great Red Spot 65 Take notes and sketch Jupiter's features 
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The Northern 
Hemisphere 


The season of spring galaxies is upon us, and there 
are plenty of night-sky gems to be had this April 


Nebula (Messier 97), is particularly easy- 


If you've observed all of the events 
that this month has to offer, or you're 
in between astronomical events, 

then why not take a tour of the April 
heavens? The constellations of Hydra 
(The Water Snake), Leo (The Lion) and 
Ursa Major (The Great Bear) contain a 


fascinating selection of Messier objects, 


including a large number of spiral and 
irregular galaxies. Ursa Major's famous 
planetary nebula, known as the Owl 


pickings for those with a telescope and a 
selection of filters this month. 

nset not occurring until 
approximately 8pm (BST), observers 


With su 


will need 


the twilight to fade. When the skies 


get darker 


be worth i 


planets, dwarf planets, star clusters 
and nebulae come into view. 


o be patient in waiting for 


though, the wait will 
as spring's offering of 


This chart is for use at 1Opm (BST) 


mid-month and is set for 52° latitude. 


® Hold the chart above your 
m= head with the bottom of the 


page in front of you. 


% Face south and notice 
® that north on the chart 


is behind you. 


The constellations on the chart 


> should now match what you 


see in the sky. 


Sirius (-1.4) 
-0.5 to 0.0 
0.0 to 0.5 
0.5 to 1.0 
1.0 to 1.5 
1.5 to 2.0 
2.0 to2.5 
2.5 to 3.0 
3.0 to 3.5 
3.5 to 4.0 
4.0 to 4.5 


Fainter 


SNHONIHdO 


ZW © 


Open star clusters 
Globular star clusters 


Bright diffuse nebulae 


Observer's note: 

The night sky as it appears 
on 16 April 2017 at 
approximately 10pm (BST). 


Planetary nebulae 
Galaxies 
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The Northern Hemisphere 


Owl Nebula (M97) 
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P.Challis (Harvard-Smithsonian Center for Astro, 


Messier 60 


© Wil Tirion; NASA; ESA; AV. Filippenko (University 
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Gianni Krattli 

Canton of Schwyz, Switzerland 

“One night, when I was 
visiting the Big Island 

of Hawaii back in 2013, 

I took my camera on a 

walk along the rocky 

shore of Pahoa. Before 

* then I'd seen some 
astrophotographs but had no idea how to 

_ take them. Randomly, I pointed my camera’ 
between two palm trees, and there it was, 
the core of the Milky Way. Back home I 
egan to look for dark places in Switzerland 


space@spaceanswers.com fai a chal 
to see ether ecules in All bo x 


The Milky Way over 
the Swiss Alps 


Faycal Demri The International Space 


F f Station imaged over a 
Algiers, Algeria ees period 
Telescope: 


Celestron CGEM 

DX 1100 

“I began my 

hobby in 

astrophotography 

over three years 
ago with a 5” Maksutov-Cassegrain 
telescope and a webcam. My first 
images were not brilliant but with 
some practice and determination, 
I was able to take high-resolution 
images of bright objects from 
light-polluted cities. To image the 
International Space Station (ISS) 
I use an 11” Schmidt-Cassegrain 
telescope and a CCD camera. The 
ISS moves fast, so it's important to 
focus your camera in advance." 
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Me & My Telescope 


1 3 Siespee 
| The Milky Way over the 
tig Weland Bava a 


The Milky Way galaxy 


Surface of the Moon, showing a selection of Brendan Devine 
craters and lunar mare A ona 
Chicago, Illinois 
Telescope: TS GSO 
8" Ritchey-Chrétien 
Astrograph 
“T took this on a clear night 
in Chicago and believe 
it to be my best lunar 
image. Iam a 15-year-old kL 
astrophotographer and started the hobby 
four years ago when I began photographing 
star trails. Ever since, I have upgraded 
telescopes and cameras and I'm now the 
most advanced I have ever been. This is 
one of the first images that I took on my 
new Ritchey-Chrétien Astrograph. I usually 
photograph deep sky targets - such as the 
Orion Nebula and Dumbbell Nebula - but 


wa ; : Ss oie now I've tried lunar imaging, I'm hooked!" 


> Ss ” Soy es 


Send your photos to... “)@spaceanswers @ space@spaceanswers.com 


Meade Polaris 130MD 


Looking for an upgrade? This reflector is ideal for those on a budget, allowing 
the user to track night-sky objects and observe the planets and the deep sky 


| Telescope 
advice 


Cost: £229 

From: Hama UK Ltd 
Type: Reflector 
Aperture: 5.1" 
Focal length: 25.6" 


Best for... 


Intermediate 
Small budget 
Planetary viewing 
Lunar viewing 
) ky ob 
“wd Deep-sky objects 
<4 p-sky obj 


( . ) Astrophotography 


The motor operated 
impressively for up to 15 
minutes and kept track ofa 
chosen object well, but any 
longer and the object had to be 
re-centred in the field of view 
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If youre on a strict budget but you're 
looking for a telescope that's a bit more 
advanced than a standard beginner's 
instrument, then we can highly 
recommend the Meade Polaris 130MD. 
If youre new to astronomy or have 
never owned a telescope before, we 
strongly suggest going for a telescope 
with a much more simple alt-azimuth 
mount - the Polaris 130MD employs 
an equatorial mount that a novice 
ill find frustrating to use and set 
. On the plus side though, if you're 
ill unsure of which objects you like 
observing the most - or even if you 
enjoy gazing upon a variety of targets - 
this reflector is a good compromise. 
While we think that the Polaris 
130MD is geared more towards an 
intermediate astronomer, Meade 
has supplied everything you'll need 
for a successful night of observing. 


25 8 


The Polaris 130MD's 
equatorial mount 
is made of heavy 
cast steel that has 
contributed to a 
sturdy set up 


The instructions on how to build 
the telescope and how to use it are 
especially comprehensive and the 
supplied eyepieces - 6.3mm, 9mm 
and 26mm - offer high, medium and 
low magnification for viewing a wide 
selection of astronomical targets, 
as well as a Barlow lens. A bonus 
Autostar Suite Astronomy planetarium 
DVD features a wide selection of night- 
sky targets that the Polaris 130MD 
can be used to find. While you'll be 
able to get a good view of some of the 
10,000 celestial objects on offer, you'Te 
unlikely to be able to see them all with 
the telescope's 5” aperture. What’s 
more, if you do not have Windows, 
then you'll be unable to use the disc. 
With a relatively low price for a 
telescope compared to other models, 
we were impressed with the general 
build of the instrument, with the 


majority of parts being very 
sturdy. We were pleased to 
find that the telescope’s tube 
is made of steel and the 
equatorial mount comprised 
of a heavy cast steel, 
however, this means that 
the telescope is heavy and 
therefore isn’t very portable. 
On closer inspection, the 
eyepieces were not as high 
quality as the remainder of 
the telescope, but we did 
not disregard them before 

we had the chance to use 
them on a variety of night-sky 
targets. Two control cables fit 
onto the mount, which allowed 
us to move the telescope's right 
ascension and declination - with 


A 2x Barlow lens and 6.3mm, 9mm and 
26mm eyepieces are supplied with the 
Polaris 130MD, offering a selection of 
high, medium and low magnifications 


www.spaceanswers.com 


a bit of fumbling around, we did 
note the slack in the cables, which 
left us resorting to moving the gear 
itself, allowing for more smooth and 
accurate control. We found that the 
supplied motor could be attached 
to the right ascension gear easily. 
The telescope also came with a red 
dot viewfinder - an ideal choice for 
locating stars and other objects. 
Heading out to a clear night sky 
with the Polaris 130MD, we couldn't 
wait to test it on a selection of Solar 
System and deep-sky objects. A 
waxing crescent Moon, illuminated 
26 per cent, made for an ideal target 
this month. As the Moon was not too 
bright it meant that the reflector didn't 
collect as much light, preventing it 
from washing out the lunar surface. 
The red dot viewfinder allowed us 
to locate the lunar sea Mare Crisium 
simply enough before we toured along 
the rugged, cratered surface. The view 
through the medium magnification 
eyepiece was impressive with the 
exquisite and high-definition view. 
Having switched over to the 26mm 
eyepiece, we did find it hard to focus 
on any features of the lunar surface 


ct, 
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“For a relatively low price, 
we were impressed with 
the build of the 130MD" 


but, given the very good view through 

the 6.3mm and 9mm eyepieces, 

we weren't too dismayed. However, 

combing the low magnification 

eyepiece with the supplied 2x Barlow 

lens, we did have some trouble 

focusing once again. It seemed that 

when using a high magnification, 

the telescope shook when we tried 

to focus the view and a greater deal 

of fine-tuning had to be employed 

to bring a sufficiently sharp enough 

sight. Deep-sky objects such as the 

Andromeda Galaxy and Pinwheel 

Galaxy looked exquisite in the 

telescope’s field of view, as it showed 

off their bright centres and faint discs 

and highlighted the telescope's light- 

gathering ability. 
We waited until the early hours 

of the following morning to catch 

Jupiter and Saturn just before sunrise 

in the southeast. Making Jupiter our 


| Telescope advice 


first target, it took no time at 

all to locate the gas giant using 

the red dot viewfinder and to 
observe it under low magnification. 
The Galilean moons - Io, Europa, 
Ganymede and Callisto - were easily 
detectable either side of the planet's 
disc, while small but sharp views of 
Saturn's rings were had. Swapping the 
26mm eyepiece for the 9mm and 2x 
Barlow lens, we could impressively 
make out the Jovian bands. 

The planets also gave us the ideal 
opportunity to test the motor's ability 
to track. Switching the motor drive 
on, we focused the reflector's tube at 
Jupiter and headed inside to make a 
cup of coffee to keep warm. After 15 
minutes had elapsed, we headed back 
outside to check up on the setup - 
impressively, Jupiter was still in the 
field of view and the 9V battery was 
still going strong, despite the cold 


The 5” aperture allows a wide 
range of Solar System and diffuse 
deep-sky objects to be observed 


temperatures. Trying out the tracking 
ability again, this time for a longer 
period of time, we found that we had 
to re-centre the gas giant. 

The Polaris 130MD is a very good 
instrument and, considering the 
price, you get a lot more for your 
money. While the high magnification 
eyepieces didn't supply the views 
that we had hoped for, it can be 
accessorised easily thanks to the 
versatile 1.25” eyepiece holder - 
just be aware of not pushing the 
magnification too high. 


93 


AN ASTRONOMY 
HOLIDAY FOR TWO 


Courtesy of Battlesteads Hotel and Restaurant, WORTH 
we've got a stargazing foodie break up for grabs ) £260! 
® 


Battlesteads Hotel and Restaurant in Wark; near 
Hexham, is offering one lucky reader and a friend 
the chance to experience an unforgettable night 
of stargazing, with a one-night break at the award- 
winning sustainable tourism destination. 

Located in Northumberland's 1,500-square- 
kilometre (579-square-mile) Dark Sky Park, 
Battlesteads is the only hotel in the UK with an 
on-site observatory and a Designated Dark Sky Site 
- it’s one of the few places in the country where you 
can see the Milky Way with the naked eye. 

Whether you're a keen astronomer or a complete 
beginner, Battlesteads offers a range of courses 
suitable for all levels of stargazer throughout the 


year. These include everything from beginner ‘Get 
To Know Your Telescope’ sessions to ‘Shooting Star 
Suppers’, meteor shower viewings and introductions 
to astrophotography and nature photography. 

The winner of this prize, worth up to £260, will 
not only receive two tickets to the observatory, 
but they'll also enjoy a taste of the northeast with 
Battlesteads’ eight-course local produce taster 
menu. Accommodation for the night will be in one 
of Battlesteads’ 22 en-suite bedrooms or luxury 
eco lodges, all just a stone’s throw away from the 
observatory. See www.battlesteads.com for details. 
T&Cs: Prize is subject to availability and must be 
used by 30 September 2017. No cash alternative. 


To be in with a chance of winning, all 
you have to do is answer this question: 


A: Shrink B:Expand C: Bend 


t 
WE 


HOTEL & RESTAURANT 


wa Sebo 


| 
» 


Vos 


Enter via email at space@spaceanswers.com 
or by post to All About Space competitions, 


Richmond House, 33 Richmond Hill, Bournemouth, BH2 6EZ 


Visit the website for full terms and conditions at www.spaceanswers.com/competitions 
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The quest to 
understand 


In the shops Bisse 


everything 
The latest books, apps, software, tech and 
accessories for space and astronomy fans alike 


The Ascent Of Gravity a 
Cost: £16.99 aS 
From: Weidenfeld & Nicolson 2 es 
Marcus Chown's The Ascent Of Gravity won't be available until 
April, but we have to say, after reading it from cover to cover, 
this book is a must-buy. Detailing our quest to understand the 
force that explains everything about the universe, The Ascent 
Of Gravity gets into the nitty-gritty without losing its engaging 
and lively prose, making it an enjoyable and easy read. 
Occasionally, Chown provides numbered references, 
which direct the reader to find out more about a particular 
aspect of the story, from the force's recognition in 1666 to the 
discovery of gravitational waves in 2015. While we don't hate 
them, they do seem to interrupt the flow of the book and on 
occasion, we did put it down to find out more information 
elsewhere. When you've finished reading Chown's work 
though, you'll have a comprehensive and complete view of 
gravity. You'll even learn new intricacies about the force that 
governs the universe. A must for your reading list! 


ter Celestron 1.25” universal 
ail Barlow and T-adapter 
Cost: £24.99 (approx. $30.36) 

From: Amazon 

The Celestron T-ring allows connecting of your digital 
camera to your telescope, making it an essential piece of kit 
for those who enjoy shooting Solar System and deep-sky 
objects up close. Of course, since lens diameters range from 
camera to camera, the Celestron T-ring adapter is supposedly 
only suitable for Canon EOS DSLR camera models. However, 
despite what Celestron advises, the T-ring doesn’t seem to 

fit all digital cameras in the EOS series. For example, it was 

a bit of a tight squeeze affixing it to the Canon 60D. For the 
full set-up, you'll need to purchase a T-adapter with a Barlow 
lens, which we recommend buying as a package rather than 
separately for better value. As ever, you get what you pay for 
with Celestron, with this accessory finished off beautifully 
and the Barlow lens and adapter fitting together securely. 
Affixing our Canon EOS 5D camera to our in-house 
telescope, we put full-trust into the adapter as it held our 
equipment in place. It's always a concern when taking part 
in astrophotography through a telescope that the camera 
might slip off the adapter and break after hitting the floor. 
Those worries continued to diminish though, the longer our 
astrophotography session continued. 
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In the shops 


App 
Brian Cox's Wonders 
of the Universe v1.77 
Cost: £1.99 (approx. $2.42) 

From: iTunes 

As its name suggests, this app - available for iOS users 
and from Harper Collins Publishers Ltd - takes the user 

on a tour of the universe, with physicist Professor Brian 
Cox as your guide. Taking up about 396MB of the storage 
on your smartphone or tablet, downloading Brian Cox's 
Wonders of the Universe app was surprisingly smooth and, 
with the impressive intricacy of the graphics, the app ran 
surprisingly smoothly. 

The app takes you from the smallest particles to the largest 
structures and allows you to zip past moons and planets of the 
Solar System, out to the Oort Cloud and on to the Milky Way, 
with Brian Cox providing mind-expanding insight in over 200 
interactive articles pinned to the stars, planets and galaxies 
among other wonders. Apps that take you on tours of the 
universe are usually presented in two-dimensions, so views of 
three-dimensional stars and planets were a welcome change as 
we scrolled through the app. 

Even more pleasantly, the app is divided into a useful 
sequence of chapters on subatomic and atomic particles, the 
Solar System, stars, the Milky Way and other galaxies and 
the general universe. There's plenty to learn from Brian and 
the app in general, making it ideal for those who are new to 
learning about the cosmos. 


Optical care 

Photonic Red First Contact 
cleaning solution 

Cost: £108 (approx. $131) 

From: 365Astronomy 

If your optics are covered in grease and dirt it will 
limit the observing ability of your telescope or 
binoculars, which is why using a suitable cleaning 
fluid that doesn't damage the surface of your 
instrument's optical system is a must for its longevity. 
Doing so will ensure the optimum performance of 
your instrument when observing a variety of objects. 
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RO, Box 435 First Contact's cleaning solutions are pricey, perhaps 
Platteville, Wi 53818 
www.PhotonicCleaning,com 


/ putting potential buyers off - especially given that it 


is a starter kit. However, since it contains a polymer 
that protects and is specially formulated to minimise 
surface adhesion, First Contact seems to boast that 

it is a cut above the rest. We have to say that when it 
came to cleaning our in-house telescope's optics of 
greasy fingerprints and dirt that it had accumulated 
over the years, the solutions left no residue, allowing 
for a smooth and clean finish. We have to say, 

that while the finish was excellent after using this 
cleaning fluid, a similar result has been achieved 
with a cheaper range of optical fluids - however, if 
you want the safety net of not damaging your optics, 
then First Contact is a worthy investment. 
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James Irwin 


The deeply religious astronaut who found 
inspiration during his time on the Moon 


To date, just 12 people have ever 
walked on the Moon. James Irwin 
was one of them, landing on the 
lunar surface alongside David Scott 
on 31 July 1971 in order to embark 
on the three-day Apollo 15 mission. 
It was the fourth Moon landing and 
Irwin was number eight to walk on 
the Moon, but it was the realisation 
of a long-held dream for the then 
41-year-old pilot. 
Born on 17 March 1930, Irwin 
had grown up wanting to go to the 
Moon. He studied naval science, 
graduating from the United States 
Naval Academy in 1951 and while his 
mother had wanted him to become a 
preacher, his sights were set skywards 
for a different reason. As such, he 
became an Air Force officer. This led 
him to aeronautical engineering and 
instrumentation engineering at the 
University of Michigan. 
In the late 1950s, he became a 
test pilot but it very nearly ended 
his career. In 1961 while teaching a 
student to fly on a training mission, 
his plane crashed, causing Irwin 
severe injuries. As well as suffering 
compound fractures and amnesia, 
he was close to losing a leg yet he 
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recovered more than sufficiently to 
be selected as one of 19 astronauts by 
NASA in April 1966. 

A couple of years later, he was 
assigned as crew commander of 
Lunar Module LTA-8. He supported 
the crew of Apollo 10 and he was a 
backup Lunar Module Pilot for Apollo 
12. Apollo 15 was his crowning glory, 
though. It was the first mission to 
visit and explore the two-kilometres 
(1.2-miles) wide Hadley Rille canyon 
and the 4.5-kilometres (2.7-miles) 
tall Apennine Mountains. The Lunar 
Module was on the surface for a then- 
record 66 hours and 54 minutes. 

Irwin and Scott collected an 
astonishing 77 kilograms (170 pounds) 
of lunar rock samples as they carried 
out inspections of the nature and 
origin of the area, spending 18 hours 
and 35 minutes on the surface during 
the course of three extravehicular 
activities. Since the first lunar rover 
accompanied them, they were able to 
travel further from the Lunar Module 
than previous missions could and 
their endeavours led to the discovery 
of the Genesis Rock, which was found 
to have formed in the early stages of 
the Solar System. 


James Irwin's irregular heart 
rhythms were first noted 
during his Apollo mission 


©NASA 


Deeply religious, Irwin found his 
time on the Moon to be very moving. 
After the first day of exploration, he 
said the landscape reminded him of 
his favourite Biblical passage from 
Psalms. In reciting this - “I'll look 
unto the hills from whence commeth 
my help” - he then displayed a 
good sense of humour, adding: “But, 
of course, we get quite a bit from 
Houston, too.” Apollo 15 successfully 
splashed down in the Pacific Ocean, 
with Irwin having logged 295 hours 
and 11 minutes in space. 

Apollo 15 was viewed as a very 
successful mission. It was the first 
to use a lunar surface navigation 
device, the first to see a sub-satellite 
launched in lunar orbit, and it saw 
the first scientific instrument module 
bay to be flown to the Moon. Yet 
it was also Irwin's first and only 
time in space. He resigned from 
NASA and the Air Force in July 1972 
and he went on to form a religious 
organisation called High Flight 
Foundation in Colorado Springs. 

Unfortunately, the following year 
he was struck by ill health, suffering 
a heart attack while playing handball. 
He had another cardiac irregularity 
in 1986 while running and then fell 
prey to a fatal heart attack while he 
was riding his bike on 8 August 1991. 
He never recovered and he died the 
same day, becoming the first of the 
dozen men to walk on the Moon to 
pass away. 


All About 


Future Publishing Ltd 

Richmond House, 33 Richmond Hill 

Bournemouth, Dorset, BH2 6EZ 

T +44 (0) 1202 586200 

Web: www.spaceanswers.com 
www.myfavouritemagazines.co.uk 
www.futurepic.com 


Editor Gemma Lavender 
gemma.lavender@futurenet.com 
TF 01202 586209 


Editor in Chief James Hoare 
Designer Jo Smolaga 

Assistant Designer Laurie Newman 
Production Editor Amelia Jones 
Research Editor James Horton 
Photographer James Sheppard 
Senior Art Editor Duncan Crook 


Stuart Atkinson, Ninian Boyle, Paul Cockburn, David Crookes, Ben 
Evans, Robin Hague, Giles Sparrow, Luis Villazon 


Shutterstock; Alamy; ESO; NASA; SETI Institute; JPL-Caltech; 
ESA; J. Hester; A. Loll; Boeing; Tobias Roetsch 


Airbus DS; Alamy; N. Bartmann; A. Block; Boeing; T.M. Brown; C. 
Butler; Caltech; P. Challis; T. Cornet; S. Corvaja; DLR; D. Ducros; 
ESA; ESO; A.V. Filippenko; Nicholas Forder; freepik.com; O. 
Furtak; Getty Images; T. Hallas; J. Harrod; W. Henning; J. Hester; 
Hubble; R. Hurt; lceCube; IDA; B. Ingalls; JAXA; JHUAPL; JPL; 
T. Kitayama; M. Kornmesser; G. Lee; Z. Levay; A. Loll; R. van der 
Marel; A. Mellinger; C. Mihos; Mount Lemmon SkyCenter; MPS; 
NASA; NSF; D. Peach; Photoshot; T. Pyle; Tobias Roetsch; SETI 
Institute; Science Photo Library; Shutterstock; Space Science 
Institute; SpaceX; STScl; SwRI; B. Tafreshi; A. Tamanti; Wil 
Tirion; M. Weiss; Wikisky; UCLA; University of Arizona; J. Yang; T. 
Zaperach; R. Ziomber 


Digital or printed media packs are available on request. 
Ad Manager Toni Cole 
TF 01225 687 368 
toni.cole@futurenet.com 
Sales Executive Samantha Novata 
samantha.novata@futurenet.com 
TF 01225 687 374 


All About Space is available for licensing. Contact the International 
department to discuss partnership opportunities. 
Head of International Licensing Cathy Blackman 

TB +44 (0) 1202 586401 

cathy.blackman @futurenet.com 


For all subscription enquiries: 
allaboutspace @servicehelpline.co.uk 
@ UK 0844 826 7321 
@B +44 (0) 1795 414 836 
www.imaginesubs.co.uk 

Head of subscriptions Sharon Todd 


Circulation Director Darren Pearce 
TF 01202 586200 


Production Director Jane Hawkins 
@ 01202 586200 


Finance & Operations Director Marco Peroni 
Creative Director Aaron Asadi 
Editorial Director Ross Andrews 


Wyndeham Peterborough, Storey’s Bar Road, Peterborough, 
Cambridgeshire, PE1 5YS 


Distributed in the UK, Eire & the Rest of the World by 
Marketforce, 5 Churchill Place, Canary Wharf, London, E14 5HU 
‘& 0203 787 9060 www.marketforce.co.uk 


Distributed in Australia by Gordon & Gotch Australia Pty Ltd, 
26 Rodborough Road, Frenchs Forest, New South Wales 2086 
@ + 61 2 9972 8800 www.gordongotch.com.au 


The publisher cannot accept responsibility for any unsolicited material lost or 
damaged in the post. All text and layout is the copyright of Future Publishing Ltd. 
Nothing in this magazine may be reproduced in whole or part without the written 
permission of the publisher. All copyrights are recognised and used specifically for 
the purpose of criticism and review. Although the magazine has endeavoured to 
ensure alll information is correct at time of print, prices and availability may change. 
This magazine is fully independent and not affiliated in any way with the companies 
mentioned herein. 


If you submit material to Future Publishing via post, email, social network or any 
other means, you automatically grant Future Publishing an irrevocable, perpetual, 
royalty-free licence to use the material across its entire portfolio, in print, online and 
digital, and to deliver the material to existing and future clients, including but not 
limited to international licensees for reproduction in international, licensed editions 
of Future Publishing products. Any material you submit is sent at your risk and, 
although every care is taken, neither Future Publishing nor its employees, agents or 
subcontractors shall be liable for the loss or damage. 


© 2017 Future Publishing Ltd @* P 
ISSN 2050-0548 — 


national media 
We reach more 
onth 


Future is an award-wi 
group and leading digit: 
than 57 million international consumers 
and create world-class content and adver g 
Solutions for passionate consumers online, on tablet 
& smartphone and in print 


Future pic is a public Chief executive Zillah Byng-Thome 
company quoted Non-executive chairman Pater Alien 
London Chief financial officer Penny Ladkin-Brand 
Ss Exchange 
(symbol: FUTR) 
www.futurepic.com 


Tel +44 (0)1225 442 244 


OPTICS OF DISTINCTION 


OSTARA 


ELINOR 


The award winning Elinor range has it all with an ultra wide field of view providing a 
high resolution, comfortable and an incredibly stable image. Features include large 
eyepiece lenses for very comfortable, long eye relief viewing 
The body has tough rubber armour and is waterproof 


All surfaces are fully multicoated further enhancing brightness and clarity. Optical 
Hardware's broad lightband transmission ensures incredibly accurate colour rendition 


Y FA R Available in a choice of magnifications 


GUARANTEE 7x50 | 8x45 | 10x50 | 12x50 


OPTICAL Ostara binoqulars are manufactured and distributed by Optical Hardware Ltd 
a 2DWARE For more information and to find your nearest stockists, please visit www.opticathardware.co.uk/stockists 
HAR All offers are subject to availability, prices and specifications are subject to change without notice. E20 E. Your statutory rights are not affected 
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Sky-Watcher is a First-Class telescope brand ctr an incredible range of high-quality astronomical telescopes and 
accessories, catering for users of all age groups and abilities, from the novice right up to the serious advanced astronomer. 
Sky-Watcher astronomical telescopes perfectly integrate modern optical technology with precision mechanical engineering, 
resulting in designs of suberb functionality, versatility and uncompromising levels of performance. 


130mm (5.1") F/900 NEWTONIAN REFLECTOR TELESCOPES 


¢ Magnifications (with optics supplied): x36, x72, x90, x180 * Highest Practical Power (Potential) 260 . Diamet er of Primary Mirror: 130mm 
¢ Telescope Focal Length: 900mm (f/6.92) »* Eyepieces Supplied (1.25"): 10mm & 25mm =» x2 Barlow Lens more Light Gathering than 114mm 
© R.A. Motor Drive With Multi-Speed Handset (Explorer-130M only) © Red Dot Finder * E02 Equatorial Mount »* Aluminium Tripod with Accessory Tray 


PARABOLIC REFLECTORS — PREMIUM FEATURES 

Both the SKYHAWK-1145P & EXPLORER-130P models below offer excellent all-round performance on 
The Moon, Planets & Deep Sky Objects. They feature premium quality Parabolic Primary Mirrors to 
eliminate spherical aberrations, producing even sharper, higher-contrast images which are full of 
detail. A “Paraboloidal” mirror is ground to a complex shape which brings all incoming light rays to 
a perfect focus, on axis. In addition they feature 0.5mm Ultra-Thin secondary mirror supports, to reduce 
diffraction spikes and light loss. 


114mm (4.5") F/500 
PARABOLIC NEWTONIAN REFLECTOR TELESCOPE 


Sky at Night 


* Magnifications (with optics supplied): x20, x40, x50, x100 
* Highe st Practic al F | x228 
* Diameter of Prima ’ 
Telescope Focal Le mm (1/5) 
Explorer-130 Model si ap one rad tenxgne hese eaten 
¢ x2 Barlow Lens ¢ Parabolic Primary Mirror 
“05 mm Ultra-Thin Secondary Mirror Supports 
* Red Dot Finde Prod.Code 10709 
¢ EQ1 Equatorial Mount 
« Aluminium Tripod with Accessory Tray 
© 125% more Light Gathering than 76mm 


EXPLORER-130 
(Without R.A. Motor Drive) 
Prod.Code 10922 


Explorer-130M 
Model illustrated 
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EXPLORER-130M 
(With.f.A, Motor. Drive) 
Prod.Code 10713 
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gth: 650mm (1/5) 
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. 05 5mm Ultra-Thin Secondary Mirror Supports 
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COMPREHENSIVE COLOUR CATALOGUE with 
Full Details of our EXTENSIVE PRODUCT RANGE 
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Our Products are Available from Dealers throughout the UK > Please contact us, or Check our Website for your Nearest Stockist 


OPTICAL VISION LTD istri : 
OPTICAL VISION LIMITED Importers and Distributors of Sky Watcher 


UNIT 3, WOOLPIT BUSINESS PARK Astronomical Telescopes, Helios, Acuter, 


WOOLPIT, BURY ST. EDMUNDS www.opticalvision.co.uk Barr and Stroud Binoculars & Spotting Scopes 
SUFFOLK IP30 SUP www.barrandstroud.com and ‘Zenith' Microscopes. 


